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Abstract 

Solar power is one is the fastest-growing industries in the world. There is about 20% increase in installed solar 

power capacities each year. For only 5 years installed capacities reached almost 80 GW in 2013 from 10 GW in 

2008. The thesis analyses possibilities of development of solar energy in Russia and its application in Unified Gas 

Supply System.  

The study shows that there are a lot of possibilities of solar development in Russia, its huge territories which have 

low costs and good insolation provide excellent opportunities for clean and confident future.  

The author believes that the future of energy completely relies on renewable energy, thus making solar energy 

application of fundamental importance. 
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Introduction 

Currently, the world relies heavily on coal, oil and natural gas for its energy needs. Fossil fuels are non-renewable, 

in other words they are based on limited resources, which gradually decrease and become more and more 

expensive and harmful to the environment every year as they are used. According to forecasts by various experts 

[1] oil reserves (33% share of consumption in the energy balance) will run out after about 46 years, gas (23.7% of 

consumption) - 59 years, and coal (30.3% of consumption) - 135 years . There will be enough of nuclear fuel for 

about 38 years, depending on the development of reactors using fast neurons - nuclear fuel can be used for 1000 

years. However, due to human distrust of nuclear energy and the global trend to minimize its use, one cannot do 

it. 

Most renewable energy comes directly or indirectly from the sun. Sunlight, or solar energy, can be used directly 

for heating and lighting homes and other buildings, to produce electricity for hot water heating, solar cooling, as 

well as a number of commercial and industrial purposes.  

Solar is the cause of the winds, whose energy is captured by wind turbines. Then the wind and the sun's heat 

cause water to evaporate. When this water vapor turns into rain or snow and flows down the slope, and then 

enters the rivers or streams, its energy can be converted into the desired one using hydropower.  

Along with rain and snow, sunlight is the cause of the growth of plants. Organic material, which forms all known 

plants, is known as biomass. Biomass can be used to produce electricity as a fuel or chemicals. 

Russia is the largest country in the world's which leads in terms of natural gas reserves (23% of world reserves 

[2]), 2nd place for coal (19% of world reserves), 5-7th place for largest oil reserves (4.5% of world reserves). 

Russia accounts for 8% of world uranium production. Russia also ranked first in the world in the export of gas 

(196.4 billion m3 as of 2013 [3]). One of the main problems in the gas industry - uninterrupted supply of gas, i.e., 

maintenance of United Gas Supply System (UGSS) in Russia in good technical condition and availability of a 

reliable source of electricity to power the compressor stations of trunk pipelines. For the purposes of supply 

power transmission lines (PTL) are commonly used or transported gas is burned to generate electricity for the 

APP. Russian Ministry of Energy predicts an increase in natural gas production in 2014 to 700 billion m3, while in 

2013 it estimated about 668 billion m3 [4]. Approximately 10% of the produced gas is burned to meet the 

transportation needs, from which we can conclude that in order to increase profits an enterprise should reduce 

the costs of transportation. A slight decrease of 5% will give savings of about 3.5 billion m3 or profit of about 

300 million $ if you take the price of 1 billion m3 of gas exports equal to 85.84 million $.  

The thesis reviews the status and reliability of trunk gas pipelines, pumping units‟ park equipment, examines the 

state of renewable energy at the moment, gives the decision to install or not to install solar photovoltaic cells in 

compressor plant to increase overall economy effectiveness. A feasibility study and technological calculation of 

photovoltaic cells were made. 
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Chapter 1 Photovoltaic energy review  

1.1 Overview of RES  

1.1.1 Latest developments 

According to recent data from the World Energy Outlook 2013 [5], it can be summarized that the development 

trends of renewable energy on the world stage are: 

- Estimated percentage of renewable energy as the primary energy rises up to 18% in 2035 from 13% in 2011, due 

to the rapid demand growth for modern renewable energy to produce electricity, heat and transport fuel. 

- Power generation from renewable energy sources increases by more than 7000 billion kW∙h from 2011 to 2035, 

accounting for almost half of the increase in total generation. Renewable energy will become the second largest 

source of electricity by 2015. 

- Consumption of biofuels increases from 1.3 million boe / d in 2011 to 4.1 million boe / d in 2035, to meet the 

growing traffic demand for fuel by 8% in 2035. United States, Brazil, the European Union and China have more 

than 80% of the total demand for biofuels. Advanced biofuels will receive a significant share of the market after 

2020, reaching 20% of the total supply of biofuels in 2035. 

-Overall it is required to invest 6.5 trillion dollars for renewable energy technologies from 2013 to 2035, only 5% 

of which is intended for biofuels. Increased electricity generation from wind and solar photovoltaic energy has an 

impact on the markets and work systems that can reduce the profitability of the other generators, but also to 

stimulate changes in the structure of the market. 

- Renewable energy technologies are becoming more competitive compared to wholesale electricity prices, but 

their further growth is dependent on subsidies to facilitate the development and further reduce costs. Subsidies 

for renewable energy reached $ 101 billion in 2012, which is 11% higher relative to 2011. Almost 60% of them 

have been paid in the European Union. Global subsidies for renewable energy will increase to $ 220 billion by 

2035. Wind energy is becoming competitive in a lot of areas, as well as solar PV, but only in a limited number of 

markets. 

- Along with the reduction of CO2 emissions, renewable energy provides co-benefits, including reducing other 

pollutants, enhancing energy security, reducing the cost of imports of fossil fuels and promoting economic 

development. The challenge is to develop renewable support schemes, which will be effective and cost-effective, 

but will also take into account existing and planned infrastructure to minimize the negative consequences. 

 

1.1.2 Installed capacity in the world  

Only a few decades ago solar panels were mainly used for communication systems and water supply in remote 

areas with no connection to the power lines. After the introduction of the various support activities for renewable 

energy technologies, things have changed pretty hard, as shown in Figure 1. 
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Figure 1 Installed capacity of PV panels in the world. Source: International Energy Agency (IEA) (2009) Trends 

in Photovoltaic Applications: Survey Report of Selected IEA Countries Between 1992 and 2008, IEA 

Photovoltaic Power Systems Program (PVPS) Task 1, p. 44 

 

In 2009 and 2010, less than 5% of installed capacity could be found in remote areas not connected to the power 

transmission lines. Solar energy today is a reliable source of electricity in the developed countries. One of the 

features is that it produces electricity only during the day when electricity is needed most. Because this technology 

is still too expensive compared to the conventional energy sources, mainly the installations of new capacities take 

place in countries with strong support for renewable energy (Germany, Spain, Japan, Italy, USA). In 2010, leaders 

in installed capacity were: Germany (17.3 GW), Spain (3.89 GW), Italy (3.5 GW), the U.S. (2.52 GW). [6]  

One of the largest solar power plants are installed in the U.S with 375 MW and 290 MW. In India construction of 

solar power 221 MW was completed in 2012, and in 2010, 200 MW in China. The leader in terms of installed 

capacity of solar power plants Germany has maximum capacity of one power plant about 145 MW. 

 

1.1.3 Recent Developments  

Renewable energy is steadily becoming a larger part of the global energy balance, particularly in the energy sector 

and in the areas that support and promote their development. During the last decade double-digit growth rates 

have been observed for some renewable energy technologies and as predicted renewable energy will continue to 

grow strongly in 2035, under the condition that the necessary measures will be undertaken. However, there are 

nuances across the three main energy uses: electricity, heat and transport. Electricity production from renewable 

sources is growing rapidly for most technologies, but heat production using renewable energy is growing more 

slowly and remains under-exploited. After a period of rapid expansion, the growth of biofuels has slowed 

recently, mainly due to adverse weather conditions that reduced yields and increased raw material prices, but there 
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were also problems relating to sustainability. Investment in renewable energy production has also been steadily 

increasing, but it fell for the first time in 2012. This is perhaps a sign that the prospects for the development of 

renewable energy sources are becoming increasingly complex.  

In Europe, rapid expansion of renewable energy production, particularly wind and solar energy, has occurred in 

recent years, due to the requirements of the European Union‟s Renewable Directive and national objectives. 

However, slow growth in electricity demand and the difficult economic situation have questioned the timelines of 

future investments and policymakers in a number of countries have begun to express concerns about the 

possibility of large share of certain types of renewable energy. These problems are related, particularly, with 

higher-than-expected pace of development of solar photovoltaic (PV) systems, driven, in some countries, and 

unlimited generous subsidy schemes and rapidly falling cost of PV. For example, Spain acted in 2010 to 

established very generous renewable subsidies and, most recently, a moratorium was made to further promote 

subsidies towards renewable energy sources. Difficulties in the integration of a large number of different 

renewable energy sources in the electricity system are also occurring in some European countries. 

In the U.S., renewable energy market is growing rapidly, mostly due to the continuation of stimulus policies 

aimed at renewable energy, such as the provision of cash grants (instead of a tax credit) to 30% of the investment 

costs for eligible projects on renewable energy .  

The share of modern renewable energy sources for heat in total heat demand has risen slightly and now stands at 

just above 10%. Much of this growth was from bioenergy, despite the fact that solar thermal and geothermal 

energy plays an increasingly important role as they progressively become more cost-competitive in some cases 

and in many markets. Nevertheless, these technologies face distinct market and planning issues related to 

deployment, because the technology of heat production from renewable energy sources receive far less attention 

and support than the technology for the production of electricity or biofuels. To date, only 35 countries are 

supporting the strategic plans for the production of heat from renewable energy. 

 

1.2 History of PV energy  

1.2.1 Use of solar radiation in the history of mankind  

The use of solar energy took place throughout the existence of mankind in various ways to support the growth 
and development of civilization. Ancient people had no scientific knowledge and potential of development, 
which we have today, but they had a general idea about power of the sun, and realized that it comes from various 
forms of energy that can be used. This is the reason that many ancient civilizations, such as Native Americans, 
the Babylonians, the Persians, the ancient Hindus and Egyptians had a great respect for the sun, and sometimes 
even worshiped it. Greeks are well known for their gods, were devoted to the gods of the sun Helios and Apollo, 
with their traditions and built temples to show their devotion. It is also seen in ancient Egyptian civilization and 
their devotion to Ra who was depicted with the solar disk that resides on top of his head. However, it was the 
Greeks and Romans fully grasped the potential of the sun, primarily as a free source of energy. 

The first known invention that captures the sun's rays, was built 600 years BC, when the fire was obtained by 
focusing the sunlight on the wood with a magnifying glass.  

Rarely civilization move forward with a new idea or technology without any growing needs  in development. 
Greece experienced a shortage of fuel in the 4th century BC and therefore need to be innovators and making 
ideas that would afford the heat and light for the society was vital for their survival. Since 400 BC, the Greeks 
realized passive solar projects in their homes, thus being the first community to fully integrate solar energy into 
their society for purposes other than religious worship.  
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Companies, however, have improved their designs, and a good example of this was the improvement in which 
the Romans used glass for the saving heat in a building, thus keeping it and providing maximum warmth. Roman 
government went further, declaring the first law emphasizes that blocking neighbor‟s sunlight was illegal, 
supporting the use of solar heating and lighting at governmental and community level. Romans developed and 
adopted the idea of greenhouses to grow fruit and vegetables, which they brought from different countries in the 
process of expanding his empire.  

After these first developments no changes to solar energy occurred until the industrial revolution. In the 
beginning of the century, several of this eras were seen activity in certain people use the heat and light of the sun.  

However, the pitch at which the sun was more than the supplier of light and heat, was the most difficult. The 
mystery of the sun's energy is really slipping from society until the nineteenth century, when a discovery has 
opened many opportunities for the sun to become a giant in the future energy supply.  

 

1.2.2 Causes of PV energy 

As discussed earlier, we have used solar energy for centuries in many ways. However, only after the 1800s, when 
there was a scientific breakthrough that allowed us to fully utilize the full potential of this free, abundant fuel 
source. The merit of this shift in the use of solar energy has been associated with the publication in 1839 by 
French physicist Edmund Becquerel, where he observed the photoelectric effect in the electrolyte. This discovery 
paved the way for other studies, but it was not a priority at the time, since fossil fuels were plentiful and had a 
lower price.  

Clear support for this initial discovery was made in the 1800s, but progress was slow in the tests to the mid-
twentieth century. Adams and Day described in the publication effect of sunlight on selenium, and later in 1883, 
an electrician Charles Edgar Fritz of New York has developed a very inefficient (1-2%) prototype cell, which is 
similar to the typical cells used today.  

Slight development occurred over half a century since the initial discovery. The second half of the twentieth 
century saw rapid progress, some of which was just a natural scientific development, but also some historical 
events helped to accelerate the development of photovoltaic cells. Bell Labs researchers in America were 
responsible for one of the greatest discoveries that turned solar energy into what we see today, it is their work in 
semiconductors, will be the basis for development of solar cells [7,8]. Bell Labs researchers saw that the silicon 
has reached better results than previously tested selenium [9]. They, for the first time, foresaw the possibility for 
solar cells have an efficiency of over 20% compared with the current 2.1%. Team realized that they could not 
make a significant step only with the transfer to another material, and they continued to do research to find the 
optimal electron-hole junction (PN junction). 

Bell researchers found that they could reach 6% cell efficiency by mixing arsenic with silicon and placing a thin 
layer of boron in the cell [10]. Even with the development, current product was too expensive for use on land, 
but for use in the aerospace industry, it was the perfect solution, as there was no other alternative. [11]  

The first of many solar cells to power spacecraft were placed on a space satellite Vanguard I in 1958. The huge 
success of photovoltaic cells, as an endless and environmentally friendly energy source, provided a place for these 
cells in the space industry, despite the cost and efficiency [12].  

The oil crises in 1973 and 1979, a significant increase in oil prices and a huge shortage of oil in particular in 
America, forced the government to realize that dependence on foreign fossil fuels was a risky business. 

During the 15-year period, starting in 1970, photocells experienced tremendous growth that ended with the 
breakthrough price of photovoltaic cells ($ 100 per watt in 1970 to $ 7 per watt in 1985). It would continue if the 
price of oil didn‟t fell again, then people quickly forgot about the issues of the past decade and went to meet their 
old habits. Even the support of the government in this period was more focused in the wrong direction, as it did 
not see the importance of supporting the development of PV systems that have accelerated the development of 
solar technology; it has directed its efforts to universities for large-scale research and development, making public 
access to this technology difficult. Another factor that played an important role in the slow development of this 
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technology was the attitude of suppliers of fossil fuels which society and government most depend on for energy. 
This industry did not support the development of alternative energy, initially proving difficulties in its 
development; however, this has changed, as now the idea of using renewable energy as an auxiliary source to the 
traditional sources is generally accepted among most people. 

Certainly the United States took the lead in the development of solar cells before and after 1990, they were the 
market leaders in research and development and implementation. However, this changed in the late twentieth 
century, when the supremacy passed and was divided between Europe and Japan. In this decade, the world has 
reached a huge milestone of one million homes that use any type of solar energy. During this period, Japan and 
Europe, in particular Germany, have introduced state subsidies, increased public awareness and finances invested 
in research and development. In the 1990s, Japan was initially seen the growth of its market by 10 times with 
respect to the German market experiencing difficulties, but changes in Germany subsidies increased output 
growth of about 40 times over the success of Japan. Other European countries such as Spain, followed their 
example and reached almost the same growth. PV market has completed an exciting part in its history, with still 
ongoing research and development along with the development of the product for applications such as lighting, 
desalination and pumping, and hence making it interesting not only for scientists and engineers, but also for the 
public.  

Solar energy is now not only more affordable source of electricity to meet the ever-increasing demands, but it also 
has lower costs, has higher efficiency and a clean alternative to fossil fuels. Table 1 provides an overview of the 
development of photovoltaic energy. 

 

Table 1 Overview of the development of photovoltaic energy. Source: Comprehensive Renewable Energy, L,A. 

Lamont, Photovoltaic Solar Energy, 1.04 – History of Photovoltaics 

Year Person/company/country Summary of discovery 

1839 Alexandre Edmond 

Becquerel 

The photoelectric effect which saw both the conductance and 
illuminance rise during an experiment he was undertaking with metal 
electrodes and electrolyte 

1873 Willoughby Smith Selenium sensitivity to light was discovered during another 
experiment he was undertaking promoting branching into selenium 
solar cell experiments 

1876 Richard Day, William Adams Smith‟s discovery of the photoelectric effect on selenium was further 
verified and advanced by testing it with a platinum intersection which 
experiences the same phenomenon 

1877 William Adams Constructed an initial solar cell from selenium 

1883 Charles Fritts Explained the selenium wafer solar cell with his version having 
approximately 1-2% efficiency 

1887 Heinrich Hertz The effect of ultraviolet light on reducing the minimum value of 
voltage capable of inducing sparking between a pair of metal 
electrodes was tested 

1888 Edward Weston „Solar Cell‟ obtained first US patent  

1901 Nikola Tesla US Patent „Method of Utilizing and Apparatus for the Utilization of 
Radiant Energy‟ 

1904 Wilhelm Hallwachs Further discoveries continued with regard to photosensitive material 
mixing specifically cuprous oxide and copper 
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1905 Albert Einstein Published on the photoelectric effect – „On a Heuristic Viewpoint 
Concerning the Production and Transformation of Light‟  

1914 Goldman and Brodsky PV barrier layer was discovered 

1916 Robert Milliken Proved Albert Einstein‟s 1904 photoelectric effect theory 

1918 Jan Czochralski Discovered a method to nurture single-crystal silicon, hence 
supporting the development and future production of solar cells 
using monocrystalline silicon based material 

1921 Albert EInstein Nobel Prize for 1904 paper on photoelectric effect 

1932 Many Scientists More material combinations were being observed to react to the 
photoelectric effect, specifically cadmium selenide 

1941  Development of the initial monocrystalline solar cell made from 
silicon was completed 

1951  Primary solar cells using germanium were built as advancements 
enabling a p–n junction of a single-crystal cell of this material to be 
grown 

1953 Dan Trivich Completed research on theoretical solar cell material efficiency and 
the wavelength of the solar spectrum  

1954 Rynolds, Leiess, Antes and 

Marburger 

Published on the photoelectric effect of cadmium sulfide  

1954 AT&T Solar cell operations were widely exposed to the American public 

1954 Pearson, Chapin and Fuller – 

Bell Laboratory 

Solar cells produced using silicon with 4.5% efficiency. This work 
was developed from a discovery that researchers made on the 
photoelectric effect on silicon when conducting another project on 
semiconductors  

1954 Mort Prince and team Bell Labs broke its own efficiency record by 1.5%, raising the new 
level to 6% in a short time frame 

1955  Initial research into powering satellites using solar cells commenced 

1955 Western Electric Silicon solar cell production commercial license 

1955 Hoffman Electronics Produced a PV with the following specification per cell: 14 mW peak 
power with 2% efficiency for 25 $ 

1955  In Chicago, a car powered by solar energy was unveiled 

1957 Hoffman Electronics Efficiency of PV improved to 8% 

1957 Chapin, Fuller and Pearson 

AT&T 

Patent issued – „solar energy converting apparatus‟ 

1958 Hoffman Electronics Efficiency of PV improved to 9% 

1958  Solar cell was designed to withstand the radiation in space 
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1958 US Signal Corps First space satellite which was PV powered named Vanguard I was 
designed and operated for 8 years 

1958 USA Explorer III and Vanguard II – other solar-powered satellites 
launched 

1958 Russia Sputnik III solar-powered satellite launched 

 

1959 Hoffman Electronics Efficiency of their PV improved to 10% 

 

1959 USA Explorer VI and VII launched with the previous having 9600 cells 

 

1960 Hoffman Electronics Efficiency of their PV improved further to 14% 

1961 United Nations Conference was held on solar energy applications in the developing 
world 

1961 Defence Studies Institute First PV specialist conference 

1962 Bell Labs Telstar telecommunications commercial satellite with 14 W peak 
power 

1962  Second PV conference 

1963 Sharp Corporation First viable silicon PV module 

1963 Japan World‟s largest 242 W PV array for powering a lighthouse was 
installed 

1964 USA New largest 470 W PV array for powering a space project (Nimbus) 
was designed 

1965 Tyco Labs Designed the edge-defined film-fed growth (EFG) process. Tyco 
Labs were the first to create crystal sapphire ribbons after the silicon 
version 

1966 NASA 1 kW PV power astronomical observatory was launched and went 
into earthly orbit 

1968 Peter Glaser The idea of a solar power satellite system was announced [41]  

1968  Another satellite (OVI-13) was launched, but this time with two 
cadmium selenide panels as power 

supplies 

1969 Roger Little Founding of Spire Corporation, which was a company that aimed to 
continue to be important in 

solar cell manufacturing 

1970  All the historical developments to date and the high interest in 
research has ensured the constant 

reduction of PV technology to approximately 80% of the original 
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cost, hence making it more 

readily available for common low-power applications 

1972 France Used a cadmium selenide PV to power a TV, which was used for 
educational purposes in Africa (Niger) 

1972 Solar Power Corporation Company founded 

1973 Solar Power Corporation Beginning of commercial operation and opening of sales division 

1973 Solarex Corporation Two NASA experts with experience in PV satellites founded this 
company 

1973 Delaware University Development of initial domestic PV cells and thermal combined 
appliances 

1973  A $30 per watt cell was developed 

1974 Project Sunshine An initiative by the Japanese to further enhance, develop, and 
research in this area 

1974 Tyco Labs One-inch EFG ribbon using the endless belt process 

1975 Bill Yerkes Established Solar Technology International 

1975 Jet Propulsion Laboratory Research and development for earth-based PV systems at this lab 
was supported by the US 

Government. This occurred from an industrial conference 
recommendation 

1975 Exxon Established Solar Power Corporation 

1976 Kyocera Corp Produces silicon ribbon crystal modules 

1976 NASA From 1976 to 1985 and also from 1992 to 1995, the NASA Lewis 
Research Centre (LeRC) worked 

on integrating PV cells into small power systems that could be used 
in many areas especially rural 

places with limited power 

1976 RCA Lab Amorphous silicon cell was introduced 

1976 Solec International Established 

1977 US Department of Energy Established the National Renewable Energy Lab (NREL) in 
Colorado initially known as the Solar 

Energy Research Institute (SERI) 

 

1977  This year the sum of all the PV modules produced topped 500 kW 

1977 NASA (LeRC) Six strategically placed meteorological stations in the United States 
were introduced for recording 
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data 

1977 NASA (LeRC) Placed in a Papago Indian community the first PV system which 
supplied the power requirements 

for the entire village. The system was 3.5kW and supplied power 
and pump water for 15 homes 

1979 Solenergy Established 

1979 Arco Solar This company based in California built the largest PV production 
facility to date 

 

1979 NASA (LeRC) Installed a pumping station of 1.8 kW which was then upgraded to 
3.6 kW in Burkina Faso 

1979  60 kW diesel–PV hybrid system for powering a radar station was 
installed in Mount Laguna in 

sun-drenched California 

1980 ARCO 1 MW per year peak power PV module produced 

1980 BP New company BP Solar 

1980 Luz Co. For just more than 10 years they produced 95% of the world‟s solar-
based electricity. However, 

when the price of fossil fuels reduced, they closed due to lack of 
investor support 

1980 Wasatch Electric 105.6 kW system built by a Utah company. The system integrated 
modules produced by Spectrolab, ARCO Solar, and Motorola. An 
interesting fact is that this system is still operational 

1981 NASA LeRC For 3 years they worked on powering remotely located refrigerators 
for vaccine which was tested in 30 worldwide locations 

 

1981 Solar Challenger Maiden voyage of the first solar-powered plane 

1981 USA Solar projects 

90.4 kW – Square Shopping Centre, Lovington, New Mexico, 
powered by Solar Power Corporation 

modules 

97.6 kW – Beverly High School, Beverly, Massachusetts, powered by 
Solar Power Corporation 

modules 

1981 Saudi Arabia 10.8 kW peak power desalination system in Jeddah, Saudi Arabia, 
powered by Mobil Solar 

1981 Helios Technology First European PV manufacturer was established 
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1982  Above 9.3 MW PV power produced worldwide 

1982 ARCO 1 MW dual tracking PV plant called Solar‟s Hisperia in California was 
grid connected 

1982 NASA LeRC Unveiled two PV-powered systems for testing a power supply for 
public lighting and for terrestrial 

satellite reception stations 

1982 Volkswagen A system used to start a car by placing 160 W peak power PV on the 
car roof top was tested 

1982 Solarex Production Solar rooftop project of peak power 200kW 

1983  21.3 MW peak power produced worldwide 

1983 Solar Trek 1 kW powered vehicle which participated in the Australia Race 
driving for 20 days and 4000 km. However, later in the same 

year, the car outperformed itself by traveling further than 4000 km in 
18 days on its journey between Long Beach and Daytona Beach 

1983 ARCO Solar 6 MW power plant grid subsystem for Pacific Gas and Electric 
Company which was enough to 

supply 2000/2500 homes 

1983 Solar Power Corporation A Tunisian village was supplied with four systems with a combined 
power of 124 kW 

1983 NASA LeRC and Solarex Built a system of 1.8kW in Guyana to maintain power for basic 
hospital power requirements such as lighting, radios, and medical 
refrigerators. Other places were also provided with similar 

 ystems such as 4 kW in Ecuador and 1.8 kW in Zimbabwe 

1983 Solaria Corporation Merged with Amoco Solar, which was owned by Standard Oil 

1984 David Carlson and 

Christopher Wronski 

They were presented the IEEE Morris N Liebmann Award for their 
work in “use of amorphous silicon in low cost, high performance 
photovoltaic solar cells” 

1984  Sacramento in California has a 1 MW PV power plant 

1984 ARCO Amorphous modules first shown 

1984 NASA LeRC Remote medical and school basic power supplies in Gabon by 17 
separate systems 

1984 BP Solar Systems and EGS Grid-connected 30 kW system in Southampton, UK 

1984 BP Solar BP Solar expanded by purchasing Monosolar thin-film division 

1985 University of New South 

Wales 

20% solar cell efficiency obtained 

1985 Urs Muntwyler The Tour de Sol which ran from 1985 to 1993 based in Switzerland 
was another race for solar-powered vehicles. As the years progressed, 
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different classes opened providing not only direct solar-powered cars 
the right to participate but also other solar-powered vehicles 

1986 ARCO Solar Unveiled the first thin-film PV 

1989 Solarex Provided a PV system of 50 kW in Pakistan for projects the United 
Nations was undertaking 

1989 ARCO Solar 7 MW per year thin-film production possible. In addition to 
production in California, the company 

expanded its production to Germany and Japan 

1989 BP Solar Thin-film technology patent 

1990 United Solar Systems 

Corporation 

Company created out of the amalgamation of Energy Conversion 
Devices Inc. (ECD) and Canon Inc. 

1990 Arco Solar Bought by Siemens and renamed Siemens Solar Industries 

1990 Germany First country to launch a program that aimed to get community 
embracement of solar energy – $500 million „100 000 solar roofs‟ 
program. This program focused not only on homes but any building 
including churches with the Cathedral in East Germany embracing 
this initiative 

1991 BP Solar Systems Name changed to BP Solar International as well as being a new 
division in the BP company 

1992 Antarctica New location for remote power application 

1992  Patent of a 20% efficiency silicon cell 

1994 Japan Japan is the next country to follow Germany‟s subsidy lead with its 
„70 000 Solar Roofs‟ program 

1994 National Renewable Energy 

Lab 

Launched its website providing more access to information on 
renewable energy 

1994 ASE Americas Inc. German company ASE GmbH took over Mobil Solar Energy 
Corporation creating ASE Americas Inc. 

1995 World Bank and Indian 

Renewable Energy Source 

Agency 

The two groups along with Siemens Solar collaborated to support 
renewable energy projects which enhanced system commercialization 
in India 

1996 BP Solar Expanded their business by taking over APS‟s California production 
premises. In the same year, 

they further expanded their product line to include the production of 
CIS 

1996 Icar The Icar plane, which was powered by solar cells, had a total surface 
areaof 21 m covered by 3000 cells 

1997 General Motors This vehicle won the race through Australia called the Pentax World 
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Solar Challenge with 71 km/h average speed 

1998 California  $112 million program called „Emerging Renewable Program‟ to 
support residential and commercial PV systems 

1999 First Solar LCC Created through the combination of True North Partners, Solar Cells 
Inc., and Phoenix LLC 

2000 Japan During these 2 years the output of Japanese products grew with 
Kyocera and Sharp, each producing enough peak power for a 
country like Germany 

2001 NASA и Aero Vironment 

Inc. 

HELIOS, another solar-powered plane, achieved a record height of 
30 000 m 

2002 California Public Utilities 

Commission 

An incentive program of $100 million for PV systems less than 30 
kW was initiated 

2003 Germany Continued to expand their acceptance of PV systems by building 
many more projects such as the example at Hemau, which was 
connected to the grid and considered the largest of its time (4MW) 

2004 Germany Solarparks of up to 5 MWp were built in Leipzig, Geiseltalsee, 
Gottelborn, and other locations due to energy laws from the German 
Government 

2004  60% of PV market is held by BP Solar, Kyocera, Sharp, Shell Solar, 
and RWE SCHOTT Solar 

2004 GE Purchased Astropower, the final American independent PV producer 

2005 Worldwide 55 countries have embraced solar energy 

2006 California Solar Initative A three billion dollar 10-year funded solar initiative was announced 
which commenced the 

following year with great interest and acceptance 

 

2006 Worldwide 7 GW of PV modules installed 

 

2006 California Public Utilities 

Commission 

$2.8 billion toward incentives 

2006  40% efficiency achieved on a PV cell 

2007 Worldwide 9.5 GW of PV modules installed 

2007 Google Solar panel project initiated 

2007 University of Delaware 42.8% efficiency achieved 

2007 Solar Power Plant Nellis 15 MW installation 
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2008 NREL Reached 40.8% efficiency 

2008 Worldwide 16 GW of PV modules installed 

2008 Worldwide 6.9 GW of PV cells are produced worldwide 

2008 Siemens 20 MWp, which was at the time the world‟s largest plant 

2008 California Governor Initiated a requirement for utilities to have at least 33% of renewable 
energy portfolio 

2009 Worldwide 23 GW of PV installed, with annual production of 11 GW 

2009  Typical commercial efficiency is now 15% 

2010 BP Moved production from the United States to China 

2010 US President Installed more solar panels for hot water at his home 

2010 Worldwide From 2006, worldwide there has been an addition of approximately 
16 000 MW of solar power 

2010 Worldwide 40 GW of PV capacity 

2010 Europe Accounts for approximately 80% of the worldwide PV market 

2010 Czech Republic In 2 years, PV capacity is 2 GW 

2010 Australia 70% of its PV systems are off-grid 

2010 Worldwide Current top five solar PV countries in order are Germany (17.3 GW), 
Spain (3.8GW), Japan (3.5 GW), Italy (3.5GW), and the United States 
(2.5 GW) 

2010 Worldwide Annual production of PV modules is currently at 24 GW, which is a 
doubling from the previous year 

2010 Worldwide The top three countries that added the most solar are Germany, Italy, 
and Czech Republic 

2010 Worldwide PV systems are implemented in more than 100 countries 

2010 Worldwide 25% of PV systems are utility-scale PV plants 

2010 Asia From the top 15 PV-manufacturing companies 10 are located in Asia 

2010 Germany Purchased more than half the PV modules produced 

2011 Germany Increased the amount of electricity produced by PV systems by 87% 
over the previous year 

2011 Worldwide 119 countries have embraced solar energy 

2011 Worldwide New countries that have utility-scale PV systems include Bulgaria, 
China, Egypt, India, Mali, Thailand, and United Arab Emirates 

2011 Suntech Power Holdings - World‟s largest PV manufacturer 
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China 

2011 China Produces two-thirds of the PV modules manufactured 

 

1.2.3 Modern photovoltaic technology  

Effectiveness and cost of the panels are two major problems in the development of PV technology. Usually there 

is a relationship between the increase in the efficiency and cost, they rise and fall together, and effect of scale in 

manufacture typically results in lower costs, provided that the efficiency remains at least the same.  

However, depending on the commercial use and development of the market, the cost would be a serious 

problem, not efficiency, as every manufacturer is trying to develop a "super cell", which will have high efficiency 

and low cost. In fact, it is necessary to have variety of elements and modules i.e. cost and efficiency in order to 

provide the optimal solution for the requirements of a particular grid.  

Currently, there are two main areas of research and development: one is in the material being used, and the other 

is in the creation of cells. Consider first the last, showing the influence of the number of junctions in the cell to 

cell efficiency. Figure 2 shows the efficiency of the development for three decades, it shows the improvement of 

the single-crystal gallium arsenide cells with one p-n junction in 1980 to 22% today hubs with three p-n junctions 

and efficiency 42.5% [13]. 

Concerning certain materials, efforts continue to push their development, but sometimes the first prototype of 

the model provides the best results, for example, so it was with a crystalline silicon cell, first developed single 

crystal has the highest efficiency of this family, as shown in Figure 3.  

One of the new second-generation technologies, which is of interest is the thin-film technology, and a variety of 

options using different materials. Development of this technology began in 1976 with cadmium telluride (CdTe) 

and amorphous silicon (a-Si), copper indium developmental diselenide or copper indium gallium diselenide (Cu 

(In, Ga) Se2), a year later in 1976.  

Figure 4 shows how the effectiveness of the main thin-film technology has changed from the 1980s until today. 

As with any technology that seeks to achieve the best results, many inventions are tested, and only some of them 

lead to any results. PV market has some interesting new technologies that could further change the future 

productivity. One of them is dye-sensitized cell, which have been studied since the early 1990s, with minimal 

improvements (7-11%), and then progress stopped. Other developments, such as organic cells are twenty-first 

century cells which are slowly improving, as shown in Figure 5. 

Probably the two latest technologies that are currently under consideration are inorganic (10%) and quantum-dot 

cells (3%) and their future has many features, but as with any technology, the future will tell the story of its 

success or failure. 
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Figure 2 Effect of the number of junctions on efficiency. Source: Wikipedia. 

http://en.wikipedia.org/wiki/File:PVeff(rev100414).png. 
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Figure 3 Efficiency development of the silicon family. Source: Wikipedia. 

http://en.wikipedia.org/wiki/File:PVeff(rev100414).png. 

 

Figure 4 Efficiency development of thin-film technologies. Efficiency development of the silicon family. Source: 

Wikipedia. http://en.wikipedia.org/wiki/File:PVeff(rev100414).png. 
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Figure 5 Efficiency development of organic PV cells. Source: Wikipedia. 

http://en.wikipedia.org/wiki/File:PVeff(rev100414).png. 

 

1.3 Historical and future cost dynamics for PV panels  

The cost of solar panels (PV) decreased by almost 700 times since 1950, that more than any other energy 

technology during this period. The extent to which the technology will improve over the next few decades will 

determine whether the PV technology will reach enormous scales and will make a significant contribution to 

reducing greenhouse gas emissions or will remain limited in use.  

Reduction occurred in various components of photovoltaic systems. The cost of photovoltaic modules, as shown 

in Figure 6, decreased from about $ 2700 / W in 1950 to $ 3 / W in 2006. [14] 

 

Figure 6 Cost of PV modules, 1975 – 2006. Source: Nemet GF (2007) Policy and Innovation in Low-Carbon 

Energy Technologies. PhD Dissertation, University of California. 
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A major decrease in prices for PV was associated with the development of the core technology - modules that 

convert sunlight into electricity.  

Figure 7 shows the long-term reduction in the cost of electricity from PV, about 800 times. 

 

Figure 7 Levelized cost of electricity generated from PV. Source: Nemet GF (2007) Policy and Innovation in 

Low-Carbon Energy Technologies. PhD Dissertation, University of California. 

 

A variety of factors, including government measures allowed significant reduce in the cost of PV over the last six 

decades. Despite this success, the technology is still expensive so that large-scale implementations depend on a 

significant improvement in the future. Neither of the determining factors mainly explains the improvement to 

date; research and development, economies of scale, learning by doing, as well as the knowledge from other 

technologies have played a significant role in reducing the cost of the system. 

But not all factors were important for the entire sequence of technology development. Some factors dominated 

during some periods. These stages were correlated with changes in the geographic centers of effort from both the 

private sector and from the government: in 1970-85, R & D to improve efficiency and production technology; 

from 1990 to the early 2000s, long-term programs that take advantage of large scale; and in the 2000s, attempts to 

encourage local training in practice to reduce installation costs in addition to the continuous improvement in the 

industrial scale [15]. When the crystalline silicon alternatives appeared, actions for improvement followed a 

similar cycle.  

Nemeth [16] tried to understand the causes of technical changes to the PV by means of breaking the observed 

historical cost reductions and their technical factors. This study covered the period of starting commercialization 

in the mid 1970's to early 2000s. Studied during a 26-year period, the cost of PV modules has been reduced by 20 

times.  

The results of this study suggested two factors that stand out as the most important: power plant capacity is 

responsible for 43% of changes and the efficiency is 30%. Another remaining factor is reducing the cost of 

silicon which account for 12% of the change. Yield, consumption of silicon, polycrystalline plate size account for 

less than 3%. These observed changes are shown in Figure 8. 
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Figure 8 Portion of cost reduction in PV modules accounted for each factor. Source: Nemet GF (2007) Policy 

and Innovation in Low-Carbon Energy Technologies. PhD Dissertation, University of California. 

 

Doubling the average electrical conversion efficiency of photovoltaic systems since 1970 was an important step in 

reducing costs, which account for about one-third reduction in value over time. R&D (especially in the public 

sector of R&D) is central to this change, as shown in Figure 9. Data on the highest efficiency of laboratory cells 

during the time shows that from 16 of the achievements in the field of efficiency 1980 [17], only 6 were 

committed by commercial companies producing solar cells. Most improvements have been made in universities, 

none of which had any experience in large scale production; government and university R&D programs have 

made 10 of 16 breakthroughs in efficiency cells. Almost each of the 20 most important improvements in PV 

occurred during the 10-year period between the mid-1970s and mid-1980s. [18] Most of them took place in the 

U.S., and during this period it was invested over a billion dollars in R&D of photovoltaic [19]. 

 

 

Figure 9 Improvements in energy conversion efficiency of PV and US public investment in PV R&D. Source: 

Nemet GF (2007) Policy and Innovation in Low-Carbon Energy Technologies. PhD Dissertation, University of 

California. 
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Deployment of photovoltaic modules took place in many markets where users of this technology were less 

exigent to price and preferred performance and reliability that made individualization of the product possible. 

Governments have played a major role in building and strengthening some of these markets. In the 1960s and 

1970s, American space program and the Ministry of Defense accounted for more than half of the world market 

PV. Even though the high cost of electricity produced in space photovoltaic modules become competitive even 

at an early stage.  

Increased demand for photovoltaic modules has reduced costs, making it possible to start large-scale production. 

The main factors that affected power plant seize were: the growth in expected demand and the ability to manage 

investment risk. By mid-2011, six companies had production capacity above 2 GWh/year. With the rapid 

expansion in 10 years, a number of major investments appeared which allowed building of large facilities that had 

a more important role than practical training in reducing costs. These results support the quote that "sometimes a 

lot of that is attributed to the experience derived from the scale" [20]. Figure 10 shows the increase in the average 

installed capacity of solar power plants. 

 

Figure 10 Size of PV manufacturing facilities. Source: Nemet GF (2007) Policy and Innovation in Low-Carbon 

Energy Technologies. PhD Dissertation, University of California. 

 

1.4 Overview of the PV industry  

1.4.1 Introduction 

Over the last decade photovoltaic panels (PV) have become one of the fastest growing industries with a growth 

rate of about 40% per year.  

This increase was not only because of progress in materials and technology, but was also connected with 

implementation programs in the market in many countries around the world, as well as increased volatility and 

prices for fossil energy. Despite the negative impact of the economic crisis in 2009 PV market is still growing 

rapidly.  

Data on world production elements in 2010 ranged from 18 to 27 GW. Considerable uncertainty in the data for 

the year 2010 is associated with a competitive market environment, as well as the fact that some companies report 

shipment figures, while others report sales or production figures. In addition, the difficult economic conditions 
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and increased competition have led to a decrease in willingness to report confidential company information. 

Silicon supply problems were solved by using mass production extensions, as well as the economic situation, 

which has led to lower prices in 2008 to 500 $/kg to 50-55 500 $/kg at the end of 2009 with a slight increase 

during 2010 and early 2011 year.  

As shown in Figure 11, the data collected from a variety of companies, led to the estimation of 21.5 MW in 2010, 

representing growth of approximately 80% compared to 2009 [21]. 

 

Figure 11 World PV module production from 200 to 2010. Source: Mints P Manufacturer Shipments, Capacity 

and Competitive Analysis 2009/2010. Palo Alto, CA: Navigant Consulting Photovoltaic Service Program ; Mints 

P (March 2010) The PV Industry‟s Black Swan. Photovoltaics World ; PV News (May 2010) Published by The 

Prometheus Institute, ISSN 0739-4829  

 

Since 2000 the total capacity production of PV increased by 2 times, with an annual growth rate of 40% to 80%. 

The most rapid increase in annual production over the last five years was seen in China and Taiwan, which now 

accounts for over 50% of world production. The market of solar modules has experienced a sharp price decline 

by more than 50% due to overcapacity over the last 3 years.  

In 2008, investments into solar energy were in the second place after the wind with 33.5 billion or 21.6% of the 

new capital. [22] Business analysts believe that the production capacity in general remains strong, and that the 

whole PV sector will continue to experience significant long-term growth. 

Market forecasts for the PV market in 2011 range from 17.3 GW from NavigantConsulting [23], to 22 GW from 

ISuppli [24]. A lot of large-scale capacity expansions are in progress or were announced, and if they are 

implemented, the worldwide production capacity for solar cells will exceed 50 GW at the end of 2011. This 

means that even if we condsider optimistic expectations of market growth, the planned capacity increases on the 

order above the market growth. Consequence will be the continuation of low rates of utilization and pricing 

pressure in crowded marketplace. This development will accelerate the strengthening of PV industry and 

encourage more mergers and takeovers.  
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Approximately 80% of the current production uses wafer-based crystalline silicon (c-Si). The main advantage of 

this technology is that full production lines are available, and then could be installed and put in operation for a 

relatively short time. However, a temporary shortage in silicon and amount of companies offering ready-made 

production lines for thin film solar cells, led to a massive expansion of investments in thin-film capacities 

between 2005 and 2009. More than 200 companies are involved in the production of thin film solar cells.  

Further cost reductions of PV will depend not only on improving the technology, scale-up, but also on the ability 

to reduce the costs of system components, installation, design, etc.  

 

1.4.2 Development of photovoltaic industry  

Due to the oil crisis of the 1970s, many countries began research and development programs of solar cells and 

energy development. It took 20 years before the first market introduction programs for photovoltaic systems 

connected to the network for electricity production, which began in the early 1990s and became the basis for the 

development of PV industry.  

In the period from 1982 to 1990, annual shipments increased from about 8 to 48 MW per year. Since the early 

1980s, the main focus for the expansion of production was increasing use of PV electricity in communications, 

entertainment, home solar systems and water pumps. Figure 12 gives an idea of utilization of solar in different 

directions, which were used in a photovoltaic system for the period from 1990 to 1994 [25]. During that time 

about 90% of PV installations worldwide were not connected to the power transmission lines. 

 

Figure 12 World PV application market breakdown from 1990 to 1994. Source: European Commission, 

Directorate-General for Energy (1996) Photovoltaics in 2010. Office for Official Publications of the European 

Communities, ISBN 92-827-5347-6. 
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Development of the global PV industry between 1988 and 1994 is shown in Figure 13.  

In 1994 there were about 80 companies worldwide with a total production capacity of 130 MW, and their 

activities ranged from research to the production of solar cells. About half of them were actually manufacturers. 

Another 29 companies were involved only in the production of modules. Breakdown of production capacities for 

various technologies is shown in Figure 14. 

 

Figure 13 World solar cell production from 1988 to 1994. Source: Maycock PD (2003) PV News, ISSN 0739-

4829. Casnova, VA 

 

 

Figure 14 Regional and technology distribution of solar cell production capacities in 1994.  Source: European 

Commission, Directorate-General for Energy (1996) Photovoltaics in 2010. Office for Official Publications of 

the European Communities, ISBN 92-827-5347-6 
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The largest annual production capacity of one company at that time was about 10 MW for c-Si solar elements and 

5 MW for a-Si. Most companies had an annual capacity of 1.3 MW. Annual production capacity and utilization 

rates for 1992 and 1994 are shown in Figure 15. 

 

 

Figure 15 Geographical distribution of production and capacity in 1992 and 1994. Source: European 

Commission, Directorate-General for Energy (1996) Photovoltaics in 2010. Office for Official Publications of 

the European Communities, ISBN 92-827-5347; Maycock PD (1993) Photovoltaic Technology, Performance, 

Cost and Market Forecast 1990–2010. Casnova, VA: Photovoltaic Energy Systems Inc. 

 

The first large-scale program for putting into operation of decentralized photovoltaic systems connected to the 

transmission line began in September 1990 in Germany, the so-called program "1000 PV-roof". As a result 2250 

PV systems were installed on roofs with a capacity of 5 MW in the period from 1991 to 1995 [26].  

The first program on stimulation of PV in Japan called "Monitoring program for residential PV systems", and it 

lasted from 1994 to 1996. Under this program, 50% of the costs for installing were subsidized. The next program 

called "Programme for the development of the infrastructure for the introduction of Residential PV systems", 

which began in March 1997 and continued until October 2005. These programs have not only expanded the 

Japanese market to a total installed capacity PV of 1420 MW at the end of year 2005, but also contributed to the 

development of Japanese industry PV [27]. From 1994 to 2005, the production capacity of the Japanese PV 

industry increased from 25.2 to 1264 MW. Actual production during this period increased from 16.5 MW in 1994 

to 819 MW in 2005, of which 528 MW or 65% was exported [28]. 

Between 1994 and 2005, the Japanese solar cell manufacturing industry expanded much faster compared to other 

regions of the world and reached nearly 50% share of the total market in 2005, as shown in Figure 16. 
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Figure 16 Top 10 photovoltaic companies in 2005. Source: Maycock PD (2006) PV News, ISSN 0739-4829. 

Casnova, VA. 

 

The biggest stimulus for the development of the PV industry was the introduction of Germany Renewable 

Energy Sources Act or Erneuer - Energien - Gesetz (EEG) in 2000 [29]. For the first time, this act guaranteed 

tariffs covering the costs for connection (green tariffs) for 20 years.  

The structure of the PV industry has changed quite dramatically between the early 1990s and 2005. A significant 

number of companies that existed in 1994 were either purchased by other companies or ceased operations. The 

first company to exceed the production capacity of 100 MW, was Sharp (Japan) at the end of year 2002. Since the 

late 1990s, the number of new companies entering the PV manufacturing business began to grow, mainly in 

Germany, China and Taiwan, as shown in Figure 17. 
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Figure 17 World solar cell production from 1994 to 2005. Source: Maycock PD (2003) PV News, ISSN 0739-

4829. Casnova, VA 

 

1.4.3 PV industry now  

In 2010, the global PV market grew in volume production by 80% to 21-22 GW. Installed systems market ranges 

between 16 and 18 GW. The difference in about 3-6 GW is explained as a combination of the amount of 

unaccounted units that don‟t have connection to PTL (~ 1-200 MW rural ~ 1-200 MW communication and 

transmission, ~ 100 MW commercial), consumer goods (~ 1-200 MW) and modules in stock.  

If all these plans can be implemented by 2015, China will have approximately 38.4% of global capacity, which is 

equal to 88 GW, followed by Taiwan (18.0%), Europe (11.4%) and Japan (9 3%) which is shown in Figure 18. 
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Figure 18 Worldwide production of PV modules with future planned capacities. Source: A. Jäger-Waldau (2012) 

1.09 - Overview of the Global PV Industry 

 

Market assessments for year 2010 range from 9 to 24 GW. In addition, most markets are still dependent on 

government support in the form of feed-in tariffs, investment subsidies or tax incentives.  

Only if the markets and competition will continue to grow, the price of photovoltaic systems will continue to 

decrease, making electricity produced from photovoltaic systems for consumers even cheaper than from 

conventional sources. In order to achieve lower prices and equality in relation to other sources for electricity 

generated from photovoltaic systems, it is necessary to have public support, particularly in the direction of 

regulatory measures over the next decade.  

 

1.4.4 Production technology  

Solar cells based on silicon wafers are still the core technology, and had about 80% market share in 2010. 

Polycrystalline solar cells dominate the market (45-50%), despite the fact that the market share decreased slightly 

from the beginning of the decade. The efficiency of industrial units is in wide range from 12% to 20% where 

monocrystalline modules are between 14% and 20%, polycrystalline modules have efficiency between 12% and 

17%. Huge increase in production capacity for both technologies is followed by the expansion of capacities for 

polysilicon feedstock.  

In 2005, the production of thin film solar modules for the first time reached more than 100 MW per year. Since 

then, the annual growth rate of thin film solar modules production capacities is even higher than the overall 

industry, increasing the market share of thin film products from 6% in 2005 to 10% in 2007 and 16-20% in 2010. 

More than 200 companies are involved in activities related to thin-film solar cells, from basic activities of research 

and development to large industrial operations and more than 150 of them have already announced the start or 
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increase production. The first 100 MW thin film factory started to operate in 2007. If all the plans are realized 

during expansion, the thin film production capacity will reach about 22 GW in 2012 and about 30 GW in 2015 of 

a total of 87.6 GW that presented in Figure 19. 

 

Figure 19 Annual PV production capacities of thin-film and crystalline solar modules. Source: A. Jäger-Waldau 

(2012) 1.09 - Overview of the Global PV Industry 

 

The existent mixture of PV technology is a solid foundation for future growth of the sector as a whole. No 

technology can satisfy all the different consumer needs, ranging from mobile and consumer applications with the 

need for a few watts to several megawatts enormous power plants. 

 

1.5 Scientific bases of PV energy  

1.5.1 Photovoltaic conversion of electromagnetic radiation into 

electrical energy  

In order to understand the principle of generating electricity by photovoltaic conversion, it is necessary to 

understand what does an electric current mean. Electric current is a directed (ordered) motion of charged 

particles. Such particles can be: in metals – electrons; in electrolytes - ions (cations and anions); in gases - ions and 

electrons; in a vacuum under certain conditions – electrons; in semiconductors - electrons and holes (electron-

hole conductivity). Sometimes electric current is also called bias current, created by changes in time of an electric 

field [30].  

Photovoltaic conversion is a method to generate electricity using solar cells (PV) for the conversion of solar 

energy into electrical energy. Process is a direct conversion of sunlight into electrical energy using special 
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semiconductor components – photovoltaic convertors. It is based on the physical phenomenon of the 

photoelectric effect in which electrons are pulled from a substance (silicon, silicon) under the effect of light 

particles (photons) with the necessary energy (wavelength). The principle of operation is shown in Figure 20. 

 

 

Figure 20 Schematic diagram of a photovoltaic cell 

 

1. Photon flux  

2. Conductors  

3. Negative Layer  

4. PN-junction layer  

5. Positive Layer 

6. Rear contact 

The principle of this effect implies that the flux of photons that hits the semiconductor structure with a PN-

junction, picks break an electron. Thus, two carriers of electric current free an electron and a hole. Solar cells 

consist of two layers. The upper layer of silicon is a type N semiconductor (conductivity using electrons), the 

bottom layer of silicon is a type P semiconductor (conductivity using so-called holes). If near PN-junction 

penetrates an electron, then the photoelectric effect occurs, and freed electrons begin to move into the upper 

layer of the solar cell. Electrons in the lower layer of the element are reallocated from one atom to another so as 

to fill the vacancies. Free electrons found in the upper layer of the element are brought out to an electric circuit, 

in which the element is embedded. Thus, we obtain environmentally clean electricity without the use of any raw 

materials for its production. In order to increase the installed power of solar cells they are typically combined into 

modules or solar batteries. Solar panels have a modular structure that allows you to create their various 

modifications. Depending on the quantity of solar cells, their size and technology modules are created with 

different parameters and characteristics.  

Under the sun a solar cell material absorbs some sunlight (photons). Each photon has a small amount of energy. 

When a photon is absorbed, it begins the process of releasing of an electron in a solar cell. Due to the fact that 

both sides of solar cell have contacts a circuit current occurs when the photon is absorbed. A solar cell generates 

electricity which may be used immediately or stored in a battery.  
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In the presence of daylight a continuous generation of electricity will occur. Modern technology allows the solar 

modules to be in operation for over 25 years, after which their power falls by an average of 20% of nominal. The 

materials from which the element is done - they are semiconductors with special properties. Quality solar module 

manufactured in compliance with all requirements of the production process will be reliable, quiet and clean, 

environmentally friendly source of energy for many years. 

 

1.5.2 Structure of photocell  

Main components of a solar cell are:  

• Negatively charged N layer  

• Negatively charged N layer  

• Front contact  

• Rear contact  

• Anti-reflective coating  

• Safety glass  

Free electrons from the N layer released by light tend to fill the holes in the way of their action in P-region with 

great speed. However, not all free electrons find their place, since there are not enough of them. It should be 

noted that if all the electrons were able to find their atom, then there would be no current and the transition 

effect would be ruined by the stop of transition of an electron. That is, for the normal functioning of cells, it is 

necessary to have certain amount of free-floating electrons. Further, electrons under the influence of gravitational 

forces are pulled backward and return to the N-layer, thereby enabling new electrons to replace them. Cell is 

divided by the boundary of field‟s influence it is because of these fields, non-stop movement of electrons occurs. 

Schematic diagram of the solar cell design is shown in Figure 21. 

 



39 

 

 

Figure 21 Photocell construction scheme  

 

It is also necessary to protect a silicone base of various elements that may influence PN junction. For this 

purpose, a protective glass is used. 

 

1.5.3 Existing types of solar PV panels  

The current development of PV technology can be divided into three generations [31]. Technology of the first 

generation focuses on silicon semiconductor devices, the second on a thin film, and the third on the further 

development of these two areas of interest.  

First solar cells generation solar cells:  

The first generation offered a good product innovation with a rational future. Current one junction silicon 

semiconductors are used in about 90% of the cells produced due to its high efficiency and, unfortunately, the 

high cost that comes from energy production and labor costs. Nowadays the first generation solar cells have 

almost reached their limit which is about 30%, however, as with any technology, the development continues. 

Current energy payback time for this technology is about 2-4 years, so it is a reasonable option to install and 

although the cost of electricity is almost equal to the consumer one, no further improvements are in sight. 

http://www.solarenergybase.com/wp-content/uploads/2012/11/photovoltaic-panels.gif
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Second generation solar cells:  

Thin-film technologies can be put into the second-generation technologies, since its development began in the 

later 1990s, but unlike crystalline silicon thin-film semiconductor solar cells have a low cost, but along with that 

they also have a low efficiency. However, due to the latest innovations, there are many possible improvements 

that can be implemented in them. In general, researchers in thin-film technologies have taken the problems from 

the previous technologies and tried to eliminate them, so they focused on two areas, material and workmanship. 

The first step is to consider different materials to solve some of the problems of previous generations, with the 

following, where they discussed various technologies to reduce production costs. A good example of this 

technology, and why it may be an acceptable alternative is that cells having a low efficiency of 12% are produced 

rapidly and have a very low value, therefore, if the coverage is not a limiting factor, then they are a good choice. It 

should be noted that the second generation is beteer than the first due to the cost and in the future it may also 

become less expensive than fossil fuels. Some of the latest thin-film transducers are based on elements of 

polycrystalline ZnO / CdS / CIGS or CdS / CTe materials. These technologies are presented in Figure 22. 

 

 

Figure 22 Examples of the existing thin-film PV technologies. Source: owallaM, Wischmann W, and Kessler F 

(2011) CIGS solar cells with efficiencies >20%: Current status and new developments. In: Proceedings of the 

26th European Photovoltaics Solar Energy Conference 
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Third generation solar cells:  

Third generation PV technologies aimed at achieving such things as efficiency of over 60% in thin films and 

other devices, in addition to working on combining the best of factors from previous generations, also reaching a 

low cost. In addition, it is expected that there will be many new technologies from research and development 

results in the first quarter of this century [32]. Currently, scientists are looking for multijunction devices, the use 

of nanotechnology, the spectral modification, extension control of light by photonics and plasmonics, and much 

more.  

Currently available photovoltaic modules, which are produced in 2014, tend to cost about $ 1.80 per watt, which 

is expected to drop to $ 1.50 per watt in 2011, with a period of economic payback of the entire system for about 

8 - 12 years [33]. This payback period depends on the country in which you live, and if there are any available 

government grants. One of the main positive aspects of PV is its life span of 30-35 years with a manufacturer's 

warranty of 25 years, giving the user time to make a profit after the initial costs will be repaid. One of the main 

reasons for the increased service life is that many PV systems have no moving parts, so they do not wear out and 

require less maintenance, making them very useful electricity suppliers. This life cycle assessment is only an 

assumption, since the technology is not old enough to have any exact data; nevertheless, current oldest PV 

systems still run after half a century, so that in the future times may need to be revised.  

Now only the first steps are made in the construction of a fully operational system. Cost price in 2010 is about $ 

1 per watt for PV cell, which doubles for sale in the module up to $ 2 per watt, and by the time the system is 

installed and fully operational, the total price is $ 5 per watt. It should be noted that the figures are changing 

rapidly, such as in September 2011. Much research is needed to improve the cost-effectiveness in all areas of PV 

systems, including the cost of cell and module and inverter installation.  

It is vital for modern society to search for optimization of the use of this free abundant source that provides 

energy without pollution and silent in operation, so it is easier for society to accept this technology than other 

renewable energy sources.  

 

Chapter 2 Overview of Unified Gas Supply System 

2.1 Russian Unified Gas Supply System  

Russian gas transportation system ensures supply of gas from the fields to consumers and is in constant 

development. In order to solve the problem of gasification of the country, improve the reliability of gas supplies 

to foreign consumers, market expansion, new gas pipelines are constructed, and problems concerning reliability 

and reductions in energy costs for the existing gas pipelines are done using repairs and reconstructions of the 

main objects of trunk gas pipeline, replacement and upgrading of technological equipment compressor stations.  

The total length of pipelines in Russia exceeds 160 thousand km. To compare to equator of the Earth, you need 

to pass about 40 000 km. Number of compressor stations is more than 280 units. Also, the system consists of 25 

underground gas storages (UGS) and 6 gas processing plants. UGSS owner is OAO "Gazprom". Utilized capacity 

of UGSS is almost nominal. For example, in 2011, taking into account gas from "Gazprom" and independent 

producers gas from Central Asia the UGSS received 683.2 billion cubic meters.According to current projections 

pumping volume can grow to nearly 1 trillion cubic meters.  by 2030 (the official forecast of OAO "Gazprom"). 

In order to move such large volumes of gas compressor stations exist. Figure 23 shows the gas transport system 

of Russia. 
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Figure 23 Russian Gas transportation system. Source: 

http://www.gazprom.ru/about/production/transportation/ 

 

Compressor stations typically consist of several compressor shops. Each compressor shop consists of about 4-6 

gas compressor units (GCU). It is also worth noting that the total capacity of all units is about 42 GW, which 

implies that on average, one COP for about 170 MW. The overwhelming majority of these units work by taking 

gas from the pipeline and then gas flaring. Thus, in order to transport the gas it takes about 10% of the total 

amount. Gas is burned in GCU. Taking into account the volume of transported gas of 683.2 billion cubic meters 

about 68 billion cubic meters are burned to ensure the transportation of the rest. This value corresponds to the 

extraction of the countries such as Uzbekistan and Algeria. The major directions of development of the UGSS 

are increasing its efficiency, energy saving and environmental protection. For this purpose, in particular, one of 

the priorities is to reduce gas losses, as well as increased use of controlled electrical gas compressor units 

(EGCU). As mentioned above, currently transmission system has an impressive field of GCU - more than 4,100 

pieces. About 86% of them have a gas turbine drive. About 14% of GCU have electric drive. Modern EGCU use 

synchronous large motors. In addition to high efficiency EGPU have several advantages, such as a lack of 

harmful emissions, as well as broader ranges of adjustment (in case of controlled EGCU). Another advantage is 

that there is no need to maintain oil facilities. In addition, there are no areas of high temperatures, which leads to 

high reliability and long service life. However, there is one major drawback - the price. At current prices for 

electricity usage of EGCU is relatively unprofitable. Comparing the operating costs for gas turbines driven by 

compressor units EGCU are far ahead of classic gas turbine drives due to low domestic gas prices.  

Overall it can be concluded that the use of EGCU allows you to create high-performance, reliable and secure 

units. Adjustable electric drive is an important prerequisite for the implementation of the activities of these GCU, 

providing a high level of energy efficiency.  

However, EGCU are not the only consumer of electricity at compressor stations. Any compressor station has an 

auxiliary power plant (APP) which is responsible for the production of electricity for economic, social and other 
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needs. APP exists at each compressor station which has no access to power lines. And although the share of 

energy consumption of APP is nowhere near the power consumption by the same gas turbine drives a large 

number of compressor stations across the country suggests that the absolute value of all consumption of APP‟s is 

significant enough to consider it carefully, as significant value in the energy balance of the compressor station.  

 

2.2 Compressor station as an object of consumption 

Compressor station is a complex in structure and functional relations system. Functioning of main technological 

units of compressor stations trunk pipelines are ensured with their drive, oil system, ventilation, cooling, gas, 

communications, general electrical and instrumentation and automation.  

In UGSS different types of compressor stations are used compressor, determined by their technological purpose:  

- Separator compressor unit 

- Force compressor unit;  

- Linear compressor station;  

- Compressor stations of underground gas storage facilities;  

- Compressor stations of natural gas cooling stations; 

- Coastal compressor stations with increased power;  

- Compressor stations of LNG plant;  

- Compressor stations on offshore platforms;  

- Compressor stations for compression of low pressure and associated petroleum gas;  

- Portable Compressor Systems  

Compressor stations include the following basic facilities and systems, providing its main functions, namely, 

cleaning, compressing and cooling the process gas: 

- Compression system that is build up from one or more compressor stations equipped with pumping units;  

- Natural gas purification system, equipped with a cyclone and filter-separator;  

- The cooling system of natural gas, including air coolers, as well as the need chillers and turbo expanders;  

- Preparation of the fuel system, start and pulsed gas;  

- Rigging of compressor station;  

- Automatic control system;  

- The power supply system, water supply, heat supply, sewerage, communications, electrochemical, etc.  

Gas-compressor units in the compression system of compressor stations can be operated sequentially, parallel, 

and sequentially in parallel working groups. Some stations use universal rigging, which can provide a variety of 

connection schemes pumping units in the system and the possibility of work of compressor stations in the 

reverse mode.  

Interaction of the linear part of gas pipeline and compressor station goes via the connection node of compressor 

station. Using connection node the following modes of gas-main pipeline‟s technological area are provided:  

• Gas supply along with its compression in a gas-main pipeline of a compressor station;  
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• Gas supply along with its bypassing in a gas-main pipeline of a compressor station; this mode of operation is 

possible when forced stop of compressor station or reduction to a certain limit on the supply of natural are 

needed;  

• Gas supply along when passed through gas purification systems  

 

2.3. Auxiliary power plant  

Compressor stations of trunk pipelines belong to the first category of power consumers breaks in power supply 

of which are not allowed. Reduced supply reliability and quality of electric power, as well as the rise in prices in 

the centralized supply of electricity lead to increased interest in the problem of building their own sources of 

electricity in gas industry. [34] In the Russian gas industry now goes the period of reconstruction of compressors 

stations due to change in the dynamics of volumes of transported gas, deterioration of basic equipment and 

appearance of a new generation of equipment. During this period, question on cost-based selection of electricity 

supply of reconstructed compressor station became very popular.  

Currently, the reliability of electricity supply systems of compressor shops of compressor stations in trunk 

pipelines is provided by [35]:  

- External power supply from two independent mutually reserving main power suppliers; 

- Backup power supply - auxiliary power plants which provide voltage recovery of compressor shops in no 

more than 5 minutes with about 750 hours load coverage of compressor stations;  

- Emergency source - diesel driven power plant that provides voltage recovery in no more than 30 seconds and 

powers electrical consumers of special group of the first category up to 250 hours;  

- Source of uninterrupted power supply, consisting of batteries with the appropriate converter, providing 

stable operation of electrical consumers of the special group under transient regime in electrical supply system; 

- In the absence of external power supplies, power supply is provided by the compressor station‟s auxiliary 

power plants, equipped with a piston or turbine drive. 

The main consumers of electricity in compressor stations in trunk pipelines with gas turbines is auxiliary 

machinery of power generating units, pumping and ventilation systems, control systems, signaling and long-haul 

communication, air coolers, gas and light fittings of compressor shops. In the event when compressor station 

includes workshops with electrically driven gas-compressor units, they are the main consumers of electrical 

energy. Additional power consumers in compressor stations are power equipment and lighting of repair and 

maintenance units, pumping units of external water supply and sanitation, auxiliary buildings at industrial sites of 

compressor stations, residential settlements, as well as consumers of the surrounding area of compressor stations, 

etc.  

Power of the main consumers of electricity of standard compressor stations equipped with gas-turbine gas-

compressor unit (GGCU) is 600 † 700 kW from 30 † 40 thousand kW of installed capacity of power generating 

units. The total capacity of the typical electrical consumers in compressor stations of trunk pipelines with gas 

turbine drive ranges from 1500 to 4000 kW, and the total capacity of power consumers of compressor station, 

which include EGCU, may significantly exceed this level [36]. 

Consider next options of electricity supply schemes of compressor stations:  

• The first scheme of power supply system includes two independent inputs from the external power supply 

system (PTL). Gas diesel generators and (GDG) and rechargeable batteries (RB) are used as emergency power;  
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• The second scheme of power supply system includes one independent input from the external power grid. As a 

second independent source used APP emergency sources are gas diesel generators and batteries. The main (basic) 

source of power is an external power - power lines, Reserve – auxiliary power plant (APP);  

• The third scheme of power supply system includes one independent input from the external power grid. As a 

second independent source APP is used and emergency sources are gas diesel generators and batteries. The main 

source of power is the APP backup - external power - power lines;  

• The fourth circuit power supply system includes one independent input from the external power grid. As a 

second independent source APP is used and emergency sources are gas diesel generators and batteries. External 

power source and APP work in parallel. The power of APP is selected in such a way that it works in the nominal 

mode. According to experts working outside source (PTL) and ESN in parallel gives a very strong economic 

performance, since in this case there is no need to have a back-up generator sets. 

• The fifth circuit power supply system includes only the APP without any connection to an external electric 

power (PTL). As an emergency source gas diesel generators and batteries are used.  

At the moment, there are three most typical power supply scheme implemented in compressor stations of trunk 

pipelines:  

• The frst - two independent centralized power sources;  

• The second - one (main) independent centralized power supply, the second - the APP;  

• The fifth - only APP without connections to an external grid.  

Next two brand new schemes of power supply systems of compressor stations using solar power are proposed:  

• The first – Scheme of power supply includes one independent input from the external power grid. As a second 

independent source a solar power plant is chosen, emergency sources are gas diesel generators and batteries. The 

main (basic) source of power is the external power - power lines, backup - solar power plants (SPP);  

• The second scheme of power supply system uses independent source - APP. As a second independent source a 

solar power plant is used, emergency sources are gas diesel generators and batteries. The main source of power is 

APP and backup is solar power plant (SPP);  

All power supply schemes of compressor stations are shown in Table 2. 

 

Table 2 Existing and new supply schemes of compressor stations 

 First basic  Second basic  Emergency supply  

Basic 1  Power line (base)  Power line  (reserve)  Gas Diesel Generator (GDG) , 

storage battery (SB)  

Basic 2  Power line (base)  Auxiliary power plant 

(reserve)  

GDG, SB  

Basic 3  Auxiliary power 

plant (base)  

Power line  (reserve)  GDG, SB  
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First of all, in the proposed schemes it was taken into account that solar power is only available during day, 

therefore it requires sufficient power to supply the APP of compressor stations at night, and it is also possible to 

use solar power batteries.  

In practice, the options when the facility of the first category has only one external source are quite common. In 

this case, as a second source auxiliary power plant is used, which is operated in steady mode, and transmission 

line can be used to transfer excess power to the system and comes into operation at power failure. 

During the development of reconstruction of trunk pipelines‟ compressor stations problem concerning rational 

choice of power supply circuit arises. If centralized supply sources do not meet the requirements of reliability of 

power supply by compressor stations, power supply schemes are selected from APP.  

If centralized power sources are reliable enough the need for the reconstruction of the power system should be 

economically justified.  

In that case, if the economic comparison of power supply circuits of the compressor stations at the centralized 

supply of electricity and the production of electricity in the APP shows the benefit of the scheme in a centralized 

supply of electricity, it is necessary to determine the minimum price of electricity at which the transition to the 

new scheme of power supply will be economically justified.  

It should also be noted that the feasibility of construction of auxiliary power plants at the compressor stations, in 

which it is planned to use electrically driven compressor unit, is not obvious even if the condition of economic 

feasibility of transition to the scheme using the APP. Much more cost-effective is in the case of planned increase 

of gas supply is a replacement EGCU on GGCU, and then it is necessary to transfer to the scheme of power 

supply from a APP. Such a solution during the transition to electricity supply from APP dramatically reduces 

power of APP‟s, and, consequently, the capital cost of its construction. 

 

Basic 4  Power line  

(base)  

Auxiliary power plant  (base)  GDG, SB  

Basic 5  Auxiliary power 

plant  

-  GDG, SB  

Suggested 1  Power line  

(base)  

Solar Power Plant  (base)  GDG, SB  

Suggested 2  Auxiliary power 

plant  

 (base)  

Solar Power Plant  (base)  GDG, SB  
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Chapter 3 Overview of solar power in the Russian Federation  

3.1 Calculation of technological potential of solar energy  

In order to calculate the technological potential of solar energy in Russia map presented in Figure 24 has been 

used.  

 

Figure 24 Insolation in Russia. Source: http://www.hevelsolar.com/solar/ 

 

As can be seen from the map, the minimum level of insolation can be taken about 3 kW • h / m² / day, 

maximum - 5 kW • h / m² / day. Since it is impossible to rely entirely on the accuracy of the maps shown in 

Figure 24 (at least, the boundaries between the zones insolation rather conventional), we define the minimum and 

maximum boundary values of the theoretical potential of solar energy in Russia.  

To determine the minimum limit of the theoretical capacity it is suggested that all areas of sun insolation are equal 

to 3 kW ∙ h / m² / day. To estimate the minimum value of the theoretical potential of solar energy in Russia the 

next formula is used: 

Iгод,min=Iдень∙365∙SРФ (3.1) 

which is equal to 𝟏𝟖,𝟕𝟐∙𝟏𝟎𝟗 GW∙h/y. 

To determine the maximum theoretical capacity it is suggested that all areas of sun insolation are equal to 5 kW ∙ 

h / m² / day. Calculating the value of the maximum limit of the theoretical potential of solar energy in Russia by 

the formula (3.1), we obtain a value of 31,21∙10𝟗  GWh/y.  
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Now calculate the theoretical potential for this area for each zone with the same level of insolation obtained by 

using the program "UniversalDesktopRuler" [37], which allows to count the number of pixels at each of the sites 

map, which is the ratio of these values the percentage of each territory. Figure 25 shows the diagram obtained 

distribution areas in Russia in terms of average daily insolation. 

 

 

Figure 25 Distribution of insolation areas 

 

The results of the calculation of the theoretical potential of solar energy in Russia in the zones marked in Figure 

24 are summarized in Table 3.  

 

Table 3 Calculated values of the theoretical potential of solar energy zones on the territory of Russia. 

Insolation, 

kWh/m²/day  
Area, mil. km²  

Theoretical potential, 

109 GWh/year  

Specific theoretical 

potential, 10³ GWh/km²  

<3  0,826  0,9  1,09  

3-3,5  4,448  5,68  1,28  

3,5-4  4,648  6,79  1,46  

5% 

26% 

27% 

35% 

7% 

<3
kWh/m2/d

3-3,5
kWh/m2/d

3,5-4
kWh/m2/d

4-4,5
kWh/m2/d

4,5-5
kWh/m2/d



49 

 

4-4,5  6,000  9,85  1,64  

4,5-5  1,177  2,15  1,82  

Total  17,098  25,38  1,48  

 

Calculated by zones of insolation theoretical potential value of solar energy in Russia equals to 25,38∙109 GW h / 

year, which is slightly larger, but comparable with the estimation given above [38]. If we analyze the values of the 

specific theoretical potential, that is, the solar energy incident on the square kilometers of the country for a year, 

you will see that almost 42% of the territory is favorable areas with the level of the specific theoretical potential 

higher than the average for the territory of Russia. Distribution graph of theoretical potential of solar energy in 

the area of Russia is shown in Figure 26. 
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Figure 26 Distribution of theoretical potential of solar energy in areas with different levels of insolation 

 

The technical potential is obtained for the formula for calculating the amount of electricity generated by PV 

panels: 

Wpv=S∙r∙H∙PR (3.2) 

where:  W𝑝𝑣 - energy (W ∙ h);  

S - the total land area (m²);  

r - solar panel efficiency which varies from 0,1 to 0,46, the world average is 0.2;  
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H = 365 ∙ iday - annual average insolation on tilted panels, shading is ignored (W∙h/m2);  

PR - the coefficient of performance is very important for evaluating the effectiveness of PV panels, because it 

gives the performance of the installation regardless of the orientation and tilt, includes the following losses:  

- Loss of the inverter (4% to 15%),  

- Temperature loss (from 5% to 18%),  

- Losses in DC cables (1 to 3%),  

- Losses in AC cables (1 to 3%),  

- Shading (0% to 80%),  

- Losses due to weak light (from 3% to 7%)  

- Losses due to dust, snow, etc. (up to 2%).  

To evaluate the technical potential of solar energy, we have taken the world average efficiency of solar panels r = 

20% and the performance ratio PR = 30 - 70% depending on the insolation level [39]. The results of the 

calculation of insolation in the zones are summarized in Table 4. 

 

 

Table 4 Calculation of the technical potential of solar energy in Russia. 

Insolation, 

kWh/m²/day  

Theoretical 

potential, 109 

GWh/year  

Efficiency of 

PV panels  

Production 

Rate (PR)  

Technical 

potential , 109 

GWh/year  

Oil 

equivalent, 

billion tons  

<3  0,90  0,2  0,3  0,05  4,64  

3-3,5  5,68  0,2  0,3  0,34  29,30  

3,5-4  6,79  0,2  0,5  0,68  58,38  

4-4,5  9,85  0,2  0,6  1,18  101,63  

4,5-5  2,15  0,2  0,7  0,30  25,88  

Total  25,37    2,56  219,85  

 

The technical potential of solar energy in Russia is huge and its value is equal to 2,56∙109 GWh/year, which 

corresponds to the use of about 219.8 billion toe per year. This, in turn, is more than 17 times larger than the 

level of global energy consumption in 2012 [40]. That is, the placement of standard photovoltaic panels with an 

efficiency of 20% and the load factor of 30-70% in the 1/17 part of Russia or in an area of a million square 

kilometers is able to meet energy needs of all mankind throughout the year.  

Let us estimate how much area of the zone with insolation level of 4.5-5 kW h/m²/day is necessary to use for 

solar panels with the parameters cited above (efficiency and the coefficient of performance PR) to supply full 

power demand of Russia in 2012. In order to do this the next formula was used (3.3): 

SPV=𝑆∙Wcons/Wtech.pot.  (3.3) 
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Where: S - area of  zone of insolation with the level of 4.5-5 kW • h / m² / day, taken from Table 5 and is equal 

to 1,177∙106 square kilometers;  

Wcons - Russian power in 2012, equal to 694.2 million toe [40];  

W tech.pot.- The technical potential of solar energy in the area of insolation 4.5-5 kWh/m²/day, which is equal to 

25.88 billion toe.  

The calculated value of the area is 31.57 thousand sq.km, or 0.18% of Russian territory, or 2.7% of the territory 

with the level of insolation 4.5-5 kWh/m²/day (see. Map in Figure 9). Since this area is not actively used in the 

national economy, is poorly populated, the question of its use for placing the solar panels do not cause any 

serious problems. Calculations were also made for the remaining areas of insolation and defined territory for 

these zones, if the goal is to supply demand of Russia in 2012 using standard solar panels. The results are shown 

in Table 5.  

 

Table 5 The area in each zone insolation required for placement of solar panels to meet the needs of RF energy at 

the level of 2012. 

Insolation, 

kWh/m²/day  

Area, mil. km²  Percentage of occupied 

territory  

Area of Solar Power Plant 

(SPP), 103 km²  

<3  0,826  14,95%  123,50  

3-3,5  4,448  2,37%  105,37  

3,5-4  4,648  1,19%  55,27  

4-4,5  6  0,68%  40,98  

4,5-5  1,177  2,68%  31,57  

 

As it was expected, the higher the level of insolation, the smaller area has to be used for placement of solar 

panels. This area is huge, for reference, the territory of a country such as Croatia, is 56 thousands sq.km, 

however, if we compare the map of Europe and Russia, as shown in Figure 27, it is clear that for Russia it is 

irrelevant. 
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Figure 27 Comparison of territories of Russia and Croatia 

 

This is one of the main competitive advantages of Russia to all other countries of the world in the application of 

renewable energy sources, where unoccupied area is a determining factor in energy production.  

Conclusions:  

- Russia consumes a huge amount of heat and energy because it has the world's largest area of over 17 million 

sq.km most of which is located in the northern and polar regions. However, apart from anything else, Russia has 

an undeniable competitive advantage in terms of energy production from renewable sources such as wind and 

solar.  

- The technical potential of solar energy in Russia is estimated at 2,56∙109 GWh/year, which is comparable to the 

use of more 219 billion toe per year (17 times more than the level of global energy consumption in 2012). To 

supply the demand of Russia in the energy in 2012, it is enough to place standard solar panels with 20% in the 

area from 30 to 123 thousand sq.km depending on the level of insolation, which is slightly more than 0,7% of the 

country. 

 

3.2 Overview panel makers and their technical and cost 

characteristics  

Worldwide, more than 300 companies produce solar cells. The following is a list of the 20 largest companies in 
terms of expected production capacity in 2010. 

1.) Suntech Power Co. Ltd. (China)  

www.suntech-power.com  

Headquarters: Wuxi, China  
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2.) First Solar LLC (USA)  

www.firstsolar.com  

Headquarters: Tempe, United States, Arizona  

3.) JA Solar Holding Co. Ltd. (China)  

www.jasolar.com  

Headquarters: Ningzhin, China  

4.) Yingli Green Energy Holding Company Ltd. (China)  

www.yinglisolar.com  

Headquarters: Baoding new national high-tech Industrial zone with industrial development  

5.) Trina Solar Ltd, PRC (China)  

www.trinasolar.com  

Headquarters: Changzhou, China  

6.) Motech Solar (Taiwan / China)  

www.motech.com.tw  

Headquarters: Tainan, Taiwan  

7.) Canadian Solar Inc. (China)  

www.canadiansolar.com  

Headquarters: Guelph, Canada  

8.) Sun Power Corporaton (USA / Philippines / Malaysia)  

http://us.sunpowercorp.com  

Headquarters: San Jose, California, USA  

9.) Gintech Energy Corporation (Taiwan)  

www.gintech.com.tw  

Headquarters: Science Park Hsinchu, Taiwan  

10.) Sharp Corporation (Japan / Italy)  

www.sharp-world.com  

Headquarters: Osaka, Japan  

11.) Hareon Solar Technology Co., Ltd. (China)  

www.hareonsolar.com  

Headquarters: Yanguin (Jiangyin), China  

12.) Jinko Solar Holding Co., Ltd (China)  

www.jinkosolar.com  

Headquarters: Shanghai, China  

13.) Neo Solar Power Corporation (Taiwan)  

www.neosolarpower.com  

Headquarters: Hsinchu, Taiwan  
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14.) Q-CellsAG (Germany / Malaysia)  

www.qcells.de  

Headquarters: Bitterfeld-Wolfen, Germany  

15.) Hanwha Solar One (China / YuzhnayaKoreya)  

www.hanwha-solarone.com  

Headquarters: Qidong, China  

16.) Kyocera Corporation (Japan)  

http://global.kyocera.com/prdct/solar  

Headquarters: Kyoto, Japan  

17.) Renewable Energy Corporation AS (Norway / Singapore)  

www.recgroup.com  

Headquarters: Singapore  

18.) TIANWEI Group (China)  

www.btw.cn/en  

Headquarters: Baoding, China  

19.) LDK Solar Co.Ltd. (China)  

www.ldksolar.com  

Headquarters: Jiangxi, China  

20.) Changzhou EGing Photovoltaic Technology Co. Ltd. (China)  

www.egingpv.com  

Headquarters: Jintan, China  

It is possible to see from the data above that most of producers belong to China, the second place goes to 
Taiwan, and few firms have membership in the European countries. This confirms earlier said the phrase, "If all 
expectations will be implemented by 2015, China will own approximately 38.4% of global capacity, which is equal 
to 88 GW, followed by Taiwan (18.0%), Europe (11.4 %) and Japan (9.3%) " 

After data analysis from different sources [41,42,43] it was possible to make the graph of distribution of 
minimum and maximum capacities of PV panels and their average cost per 1 watt of power, which shown in 
Figure 28. 
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Figure 28 Overview of power and costs of PV panels  

 

From this graph it can be concluded that the average power of PV panels is around 200-250 watts, while the cost 

significantly differ in all of them, ranging from 0.91 $/W for the Chinese companies to the 2.2 $/W for the 

American, European Japanese companies. From the same sources [39,40,41], we can conclude that each 

manufacture has the average market efficiency of PV panels about 13-18%. Annex №1 to the dissertation 

contains tables cost of the panels and their characteristics obtained from data from the world's leading 

manufacturers. Based on this data, graphs of dependence of cost and unit cost of the panels on their power and 

efficiency were made and given in figures 29,30,31 and 32. 
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Figure 29 Dependence of the cost of a solar panel on its power 

 

From this graph it can be concluded that for the increase in power of the panel for 50 W, we pay about 30$. Or 

100% increase in capacity leads to the price of the panel by ~ 18%. 

 

 

Figure 30 Dependence of the specific cost of a solar panel on its power 
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In this graph of we can see that the most optimal way is to choose the panel with the most power, if there are no 

area restrictions. For every 50 W increase in power, we get a saving of around 11% per square meter.  

Then using the method of least squares the trend line was built, which is described by the following linear 

relationship:  

SC = -0,543 ∙ PPV + 309,7 (3.2.1)  

where: SC-specific cost which depends on the power of the panel, USD/m²;  

PPV - power of photovoltaic panel, watts.  

Equation (3.2.1) is made using large amounts of processed statistical data obtained from the panel makers from 

all regions of the world. It accurately describes the dependence of the average unit cost of PV panels on their 

power, which greatly facilitates a rough calculation of the initial investment and calculation of investment 

attractiveness of the project of construction of photovoltaic power plant.  

For example, if the selected power of a panel will be 250W, then from (3.2.1) it is easy to determine its average 

statistical value - (-0,543h250 + 309.7) = 174 USD/m².  

Often, however, we need to rely on the efficiency of the panels. A dependence of the cost of PV module (USD) 

on the efficiency of the module is shown in Figure 31. 

 

 

Figure 31 Dependence of the cost of a solar panel on its efficiency 

 

From the trend line shown in Figure 31 it can be seen that with the 1% increasing in the efficiency of the module, 

its price increases to an average of 16%, which leads to a significant rise in cost for purchasing of more efficient 

units.  

Practical interest causes the dependence of the specific cost of the PV module (USD / m²) on its effectiveness. 

Statistical data on the different manufacturers is shown in Figure 32, trend line of a dependence of the specific 

cost on efficiency is made. 
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Figure 32 Dependence of the specific cost of a solar panel on its efficiency 

 

From the figure 32 it is seen that slight increase by 1% in module efficiency by causes significant increase in the 

cost of module approximately by 16.7%. Built on Fig.32 trend line can be described by the equation:  

SCef = 23,08 ∙ η-193,5 (3.2.2)  

where: SCef - specific unit cost which depends on the efficiency of the panel, USD/m²;  

η - efficiency of the photovoltaic panel,%.  

Obtained by statistical analysis dependence (3.2.2) is of great practical interest, as it allows quickly and easily make 

estimations of the initial investment in the acquired PV modules according to their efficiency.  

For example, if we want to select the panel with an efficiency of 17%, from the relation (3.2.2) it is easy to find 

the specific unit cost of this panel - (23,08h17-193,5) = 199 USD/m².  

Obtained equations (3.2.1) and (3.2.2) greatly simplify the initial assessment of investment in the purchase of PV 

panels, as they are based on processing of huge amounts of real statistical data from many manufacturers.  

In the second stage of calculations, when a customer decides particular manufacturer of panels, all the 

calculations are necessary to be made again due based on the real technical and commercial proposals received 

from a particular manufacturer. 
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Chapter 4 Application of solar power for energy supply in 

compressor stations 

4.1 Usage of PV panels in compressor stations 

Effective use areas will reduce spending on fuel gas, electricity for a variety of delivery systems. The use of an 

additional source of electricity will increase the energy security of the object, which can play a critical role in the 

event of an emergency. We have a huge number of areas suitable for solar power plants, mostly located on the 

south and south-east of the country. When applied to the gas transmission system over the map of solar radiation 

of the country you can see the promising areas of use of our solar potential shown in Figure 33. 

 

 

Figure 33 Combined map of the gas transportation system and solar insolation in Russia 

 

Analysis of the map using "Universal Desktop Ruler" [6] allowed sufficient accuracy to obtain the distribution of 

UGSS of Russia in various areas of insolation, the diagram of which is shown in Figure 34. 
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Figure 34 Distribution of gas transportation system units by zones of insolation 

 

The diagram shows that:  

1. The most attractive area with a level of insolation 4.5 - 5 kW h/m2/day at the moment is not occupied with 

UGSS facilities (less than 1%) (except for the main pipeline "Sakhalin - Vladivostok"), but has an extremely high 

attractiveness due to the project of "Gazprom" "The Power of Siberia", which will be implemented until 2018.  

2. The most promising area with the level of insolation of 4 - 4.5 kWh/m2/day, has about 13% of all facilities of 

UGSS of Russia. 

 

4.2 Economic calculation  

The thesis proposes to supply the demand of trunk pipeline‟s compressor stations, using the APP, equipped with 

photovoltaic systems. For further calculations a typical power consumption of APP of 6 MW is taken.  

In order to determine the amount of area required for the installation of photovoltaic panels which have different 

efficiencies we can use the formula:  

  
   

      
    (4.2.1)  

where: ACS - Work required by a compressor station per year (MW ∙ h);  

        𝟐𝟒  𝟑𝟔𝟓  𝟔  𝟐𝟒  𝟑𝟔𝟓  𝟓𝟐𝟓𝟔𝟎          (4.2.2)  

WCS -power consumed by auxiliary power plant, MW  

S - area required for the installation of photovoltaic facilities (million m²);  

r - efficiency of solar panels;  

H = 365 ∙ iday - annual average insolation on tilted panels, shading is ignored (Wh/m2), we take the best indicator - 

5 kW ∙ h / m 2 / day;  

PR - performance ratio which ranges from 0.5 - 0.9 [44], in our case, we use a value of 0.8;  
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kS> 1- coefficient of efficiency of land use, taking into account the density of the arrangement of photovoltaic 

converters on the site, installation of inverters and other accessories, we use kS≈2, ie Only 50% of the area is used 

for installation of solar panels.  

Then it is necessary to determine the value of the land according to the formula:  

                   𝟐 (4.2.3)  

CArea - cost of land required under the arrangement AOC ml;  

Carea, rub/m2  - the specific value m2zemli in the region.  

Then having the amount of land and a dependence of the specific cost of a photovoltaic system on its efficiency, 

we find that the cost of the facilities according to the formula:  

    
      

  
     (4.2.4) 

Cpv,$/m2 - the specific unit cost of one square meter of photovoltaic panel, defined by the expression (3.2.2):  

    𝟐𝟑 𝟎𝟖    𝟏𝟗𝟑 𝟓   

η - efficiency (average) of the panel, in%.  

kpv – coefficient which takes into account the cost of the rest of the equipment in addition to photovoltaic 

inverters for solar power derived from table kpv≈1,5 [45];  

After that initial investment will be equal to:  

                (4.2.5)  

Calculations for two options were done:  

1) Using cheap land, which has a price Carea,rub/sq.m ≈ 50000 rub/ha;  

2) Using expensive land, which has a price Carea,rub/sq.m ≈ 50 mil.rub/ha  

1. Calculations for option 1 when the specific value of the land is 50 thousand rubles per hectare are presented 

further 

Using the existing data in formulas (4.2.1), (4.2.2), (4.2.3), (4.2.4), (4.2.5), we obtain the results shown in table 6 

and figure 35:  

 

Table 6 Dependence of CAPEX and required area on the efficiency of solar panels, 1 option. 

Efficiency 

of panel 
Required 
area, mi. m2 

Specific cost of 
PV, $/m2 

Cost of land, 
mil. rub 

Cost of solar power 
plant, mil. rub 

CAPEX, mil. 
rub 

10 0,72 37,30 3,60 604,26 607,86 

11 0,65 60,38 3,27 889,23 892,51 

12 0,60 83,46 3,00 1126,71 1129,71 

13 0,55 106,54 2,77 1327,65 1330,42 

14 0,51 129,62 2,57 1499,89 1502,46 

15 0,48 152,70 2,40 1649,16 1651,56 

16 0,45 175,78 2,25 1779,77 1782,02 
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17 0,42 198,86 2,12 1895,02 1897,14 

18 0,40 221,94 2,00 1997,46 1999,46 

19 0,38 245,02 1,89 2089,12 2091,01 

20 0,36 268,10 1,80 2171,61 2173,41 

 

 

Figure 35 Dependence of CAPEX and area on the efficiency of solar panel, cheap land option 

 

2. Calculations for option 1 when the specific value of the land is 50 million rubles per hectare are presented 

further 

 

Table 7 Dependence of CAPEX and required area on the efficiency of solar panels, 2 option. 

Efficiency 

of panel 
Required 
area, mi. m2 

Specific cost of 
PV, $/m2 

Cost of land, 
mil. rub 

Cost of solar power 
plant, mil. rub 

CAPEX, mil. 
rub 

10 0,72 37,30 3600,00 604,26 4204,26 

11 0,65 60,38 3272,73 889,23 4161,96 
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12 0,60 83,46 3000,00 1126,71 4126,71 

13 0,55 106,54 2769,23 1327,65 4096,88 

14 0,51 129,62 2571,43 1499,89 4071,32 

15 0,48 152,70 2400,00 1649,16 4049,16 

16 0,45 175,78 2250,00 1779,77 4029,77 

17 0,42 198,86 2117,65 1895,02 4012,67 

18 0,40 221,94 2000,00 1997,46 3997,46 

19 0,38 245,02 1894,74 2089,12 3983,85 

20 0,36 268,10 1800,00 2171,61 3971,61 

 

 

Figure 36 Dependence of CAPEX and area on the efficiency of solar panel, expensive land option 

 

As we can see from these two graphs, usage of high efficiency panel‟s usage makes sense only when the price of 

land is very high. When the value of the land is small, it is clear that a project will have the best indicator of 

CAPEX with photovoltaic panels having an efficiency of 12%, as the panels and their equipment have 

disproportionately greater cost than the land on which they are installed.  

For further economic calculations it is crucial to identify savings from the produced electric energy of auxiliary 

power plant using solar panels for 1 year. 
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𝟏𝟎𝟎𝟎
 (4.7) 

     - income from electricity per year, mln.rub; 

       - cost of 1 kWh for enterprises, rub/kWh,        4,5 rub/kWh 

            mil.rub/year 

 

To determine the attractiveness of investments it is necessary to make a detailed sensitivity analysis of parameters 

and perform appropriate calculations. With a specially designed program in Excel, only the initial data is needed 

(OPEX; annual growth of operating costs; discount rate, increase in electricity tariffs, income taxes, initial 

investment, the amortization period; Revenues for the 1st year), after which we obtain indicators of investment 

attractiveness.  

For Russia, the minimum discount rate is about 12%. In Europe, the rate is about 4 - 6% .Operating costs for 

panels with a system of tracking the position of the sun are quite high, and are about 4-7% per year from the 

initial investment.  

Increase in electricity tariffs is adapted to the average and is equal to 2% (it should be noted that this value does 

not include inflation, so real growth, is about 4-7%). Growth of operating costs is also on the level of 2%. 

Income tax in Russia is 20%. Depreciation period of the equipment is 25 years. 

Further analysis was made concerning the investment attractiveness of the project, such as NPV, PI and DPP to 

the level of the discount rate for the two options:  

Cheap land (50000 rub/ha). Solar power efficiency is 12%, due to the lack of restrictions on the amount of usable 

land and its disproportionately lower prices compared with photovoltaic panels.  

Expensive land (50 mil.rub/ha). Solar power efficiency is 20%, due to the lowest CAPEX which can be seen on 

Figure 36. 

 

The first option is to consider the case of panels with an efficiency of 12%, CAPEX = 1129,71 million rubles, 

revenue for the year Cinc = 236,52 million rubles, the initial data is presented in Table 8.  

 

Table 8 Initial data for investment attractiveness, Option 1 

OPEX 

Annual 

operating 

cost 

increase 

Discount 

rate 

Annual 

power rate 

increase 

Profit 

tax 

Initial 

investments, 

mil.rub. 

Depreciat

ion 

period, 

years 

1st year 

revenue, 

mil.rub 

5% 2% 12% 4% 20% 1129,71 25 236,52 

 

The results of the calculation of the investment attractiveness for the first option are shown in Table 9.  

 

Table 9 Results of calculation of investment attractiveness, Option 1 
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Discounted revenue, 

mil.rub 

Discounted net 

profit, mil.rub 

NPV, 

mil.rub 
Payback period, years PI IRR 

2792,03 2220,44 726,03 9,92 1,64 20% 

 

The results of calculations show that the project becomes profitable after 9.92 years (panels with an efficiency of 

12%) NPV will be 726,030,000 rubles and the coefficient of investment returns is well above the minimum value 

of the attractiveness of the project (PI = 1) and equal to 1.64.  

Second option: consider the case of a system having an efficiency of 20%, CAPEX = 3971,61 million rubles, 

revenue for the first year Cinc = 236,52 million rubles, the raw data are presented in Table 10. 

 

Table 10 Initial data for investment attractiveness, Option 2 

OPEX 

Annual 

operating 

cost 

increase 

Discount 

rate 

Annual 

power rate 

increase 

Profit 

tax 

Initial 

investments, 

mil.rub. 

Depreciat

ion 

period, 

years 

1st year 

revenue, 

mil.rub 

5% 2% 12% 4% 20% 3971,61 25 236,52 

 

The results of the calculation of the investment attractiveness for the second option are shown in Table 11.  

 

Table 11 Results of calculation of investment attractiveness, Option 1 

Discounted revenue, 

mil.rub 

Discounted net 

profit, mil.rub 

NPV, 

mil.rub 

Payback period, 

years 
PI IRR 

2792,03 -490,36 -3066,46 25 0,23 -0,7% 

 

From this table it is possible to conclude that the project using expensive land for photovoltaic panels  is 

economically ineffective at a given discount rate, income tax and increase in electricity tariffs, as the payback 

period is 25 years and the value of the attractiveness of the project PI = 0,23, that is unacceptable. 

After the analysis of the investment attractiveness of the two variants of the projects should be sensitivity analysis 

of the investment project for the cases:  

1) Cheap land (50000 rubles/ha)  

2) Expensive land (50 mil.rub/ha)  

Further sensitivity analysis was made of indicators of investment attractiveness of the project for a variety of 

discount rates in the case of cheap land.  

Results for different discount rates are shown in Table 12.  

 

Table 12 Dependency of investment attractiveness indicators of the project to the level of the discount rate 
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Discount rate 
Discounted 
revenue, 
mil.rub 

Discounted net 
gains, mil.rub 

NPV, 
mil.rub. 

Payback 
period, years 

PI 

4% 5913 3239,37 2843,84 7,3 3,52 

6% 4749,27 2569,82 2052,43 7,78 2,82 

8% 3900,21 2084,86 1476,12 8,35 2,31 

10% 3269,3 1727,22 1048,71 9,04 1,93 

12% 2792,03 1458,79 726,03 9,92 1,64 

14% 2424,69 1253,83 478,18 11,09 1,42 

16% 2137,24 1094,72 284,61 12,79 1,25 

18% 1908,72 969,23 131,03 15,67 1,12 

 

The calculation results are presented in Figures 37, 38. 

 

Figure 37 Sensitivity analysis of NPV on the discount rate in the case of cheap land 
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Figure 38 Sensitivity analysis of payback period and PI on the discount rate in the case of cheap land 

 

As it can be seen from the sensitivity analysis, the project construction of solar power plant with installed capacity 

of 6 MW using a land with cost of 50 thousand rub/ha and panels with an efficiency of 12%, the investment is 

attractive even at a discount rate of 18%.  

Then sensitivity analysis was made for the project for different discount rates in the case of an expensive land.  

Results for different discount rates are shown in Table 13.  

 

Table 13 Dependency of investment attractiveness indicators of the project to the level of the discount rate 

Discount rate 
Discounted revenue, 
mil.rub 

Discounted net 
gains, mil.rub 

NPV, 
mil.rub. 

Payback 
period, years 

PI 

4% 5913 -511,46 -1902 25 0,52 

6% 4749,27 -523,35 -2342,29 25 0,41 

8% 3900,21 -519,57 -2659,67 25 0,33 

10% 3269,3 -507,16 -2892,55 25 0,27 

12% 2792,03 -490,36 -3066,46 25 0,23 

14% 2424,69 -471,67 -3198,55 25 0,19 

16% 2137,24 -452,55 -3300,57 25 0,17 

18% 1908,72 -433,83 -3380,62 25 0,15 
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The calculation results for PV, DPP and PI are presented in Figures 39, 40. 

 

 

Figure 39 Sensitivity analysis of NPV on the discount rate in the case of expensive land 
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Figure 40 Sensitivity analysis of payback period and PI on the discount rate in the case of cheap land 

 

From the sensitivity analysis it can be seen that the construction of solar panels with 20% efficiency and installed 

capacity of 6 MW on the ground which costs $ 50 million rubles/ha, the investment is not attractive even at a 

discount rate of 4%. So it is suggested that in the case of the installation of solar panels on expensive land 

economic activities that support  renewable energy are needed, ie subsidies up to 50% in the region to reduce 

CAPEX to indicators of cheap land, otherwise the project will be economically disadvantageous.  

 

4.3 Conclusions on the calculations of different types of solar 

panels  

After the calculations we can see that activities aimed at improving energy efficiency of compressor stations are 

efficient at reducing the consumption of material resources thus increasing savings. Price per 1 m2 of 

photovoltaic cells starts from $ 60, and allows these investments to pay off within acceptable time limits. 

Provided that the project will involve the use of cheap land (50 thousand rub/ha) the payback period will be from 

7 to 16 years depending on the discount rate, but in order to use expensive land (50 million rub/ha) and have 

acceptable payback period ( <20 years) it is required to use subsidies of 50%. 
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Conclusion  

• With the development of renewable energy sources, solar energy is at the stage of large-scale expansion and 

development since 2000, the installed capacity of solar panels increased by a factor of 60 and is equal to 40 GW. 

It is because of the perspectives this energy source was selected as a source of power to generate electricity for 

compressor stations.  

• The thesis describes UGSS of Russia, as an object of consumption compressor station with 6 MW auxiliary 

power plant was selected.  

• In addition to the five basic power supply schemes of the compressor station two options of power supply 

using solar power were proposed.  

• Based on the analysis of the map of insolation level in Russia, various insolation numbers for all territories were 

calculated. Minimum and maximum theoretical potentials of solar energy in Russia were calculated and its 

technical capacity was found which is equal to 220 billion toe, which is 17 times higher than the energy 

consumption in the world in 2012.  

• It is shown that the area of the territory of Russia with the level of insolation 4.5 - 5 kWh /m²/day (insolation 

level in Italy, Spain or Portugal) is more than 1.1 million square kilometers, that is 30% more than the total area 

of the mentioned countries. This indicates that Russia has great development prospects for solar energy.  

• It has been determined that the placement of solar panels on site from 32 to 124 km2, depending on the level of 

insolation, theoretically could fully compensate for Russia at the level of energy consumption in 2012.  

• Review concerning the world's leading manufacturers of the solar cells from China, USA, Japan and Europe was 

made.  

• It is shown that the cheapest solar panels for the unit are made in China; the most expensive ones are in the 

United States, Canada and Europe.  

• On the basis of the statistical data on the representative sampling of the producers of solar panels, a linear 

dependence of the specific cost of PV panels on its power and efficiency was built, which is essential for the 

evaluation of the initial investments in the acquisition of solar panels, which greatly simplifies the initial 

assessment of the project's investment potential. 

• After analyzing map of Russia‟s UGSS distribution of objects in the zones of insolation was defined and it is 

showed that less than 1% of the UGSS units are located in the most promising area of insolation 4.5 - 5 

kW/m2/day, but this area is very attractive because of the Eastern Gas Program. 13% of UGSS facilities are 

located in the area with 4 - 4.5 kW/m2/day insolation; making the prospects for implementation of the solar 

energy for these objects quite attractive.  

• Investment attractiveness of the project for two cases: using cheap land (50000 rub/ ha) of land and using 

expensive (5 mil.rub/ha). It is shown that in the case of cheap land the lowest CAPEX have projects with the 

least efficient solar panels, and in the case of expensive land, the lowest CAPEX has a project with the most 

efficient solar panels.  

• Investment attractiveness of the project was analyzed, as well as a sensitivity analysis to changes in the discount 

rate. It is shown that the smaller the discount rate, the greater economic efficiency and investment attractiveness 

the project has. 
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Applications 

Application 1. Costs and power of PV panels from http://www.solarsystems-usa.net/solarpanels/. 

Panel Power, W Price, $ Area, m2 

ET Solar 45 Watt Mono Solar Panel 45 100 0,358 

Renogy 50 Watt Mono Solar Panel 50 116 0,341 

Renogy 50 Watt Poly Solar Panel 50 110 0,374 

Zebra Energy 50 Watt Poly Solar Panel 50 58 0,361 

Renogy 70 Watt Poly Solar Panel 70 145 0,530 

ET Solar 95 Watt Poly Solar Panel 95 209 0,683 

Renogy 100 Watt Mono Solar Panel 100 177 0,646 

Zebra Energy 100 Watt Poly Solar Panel 100 110 0,686 

SolarWorld 130W Poly Solar Panel v1.0 130 299 - 

ET Solar 135 Watt Poly Solar Panel 135 297 1,002 

SolarWorld 135W Poly Solar Panel 135 310 1,025 

Kyocera 140 Watt Poly Solar Panel 140 322 1,002 

SolarWorld 140W Poly Solar Panel v1.0 140 322 1,025 

Zebra Energy 150 Watt Poly Solar Panel 150 156 0,991 

ET Solar 195 Watt Poly Solar Panel 195 162 1,470 

Kyocera 215 Watt Poly Solar Panel 215 326 1,485 

Sonali Solar 220 Watt Mono Solar Panel 220 207 1,528 

Jetion Solar 230 Watt Poly Solar Panel 230 183 1,642 

Renogy 230 Watt Poly Solar Panel 230 205 1,635 

Sharp 230W Poly Solar Panel ND-Q230F4 230 338 1,630 

Sonali Solar 230 Watt Poly Solar Panel 230 208 1,609 

Sanyo Hit Power 235 Watt Mono Solar 
Panel 

235 590 1,261 

Trina Solar 235 Watt Poly Solar Panel 235 215 1,637 

Trina Solar 235W Poly Solar Panel 235 220 1,637 

ET Solar 240 Watt Poly Solar Panel 240 235 1,627 

Hanwha Solar 240 Watt Poly Solar Panel 240 223 1,663 

Lightway 240 Watt Poly Solar Panel 240 202 1,634 

Renogy 240 Watt Poly Solar Panel 240 188 1,635 

Sanyo Hit Power 240 Watt Mono Solar 
Panel 

240 711 1,261 

SolarWorld 240 Watt Poly Solar Panel v2.5 
Frame 

240 229 - 

Sonali Solar 240 Watt Poly Solar Panel 240 220 1,609 

Canadian Solar 245 Watt Polycrystalline 
Solar Panel 

245 222 1,609 

ET Solar 245 Watt Poly Black Solar Panel 245 240 1,627 

SolarWorld 245 Watt Mono Solar Panel v2.0 
Black Frame 

245 261 - 
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SolarWorld 245 Watt Poly Solar Panel v2.5 
Frame 

245 279 - 

Suniva OPT 245 Watt Mono Solar Panel 245 273 1,623 

SunWorld USA 245 Watt Poly Solar Panel 245 228 1,627 

Yingli YGE 245W Series Black Poly Solar 
Panel 

245 251 1,634 

AxitecAXIpower 250 Watt Poly Solar Panel 250 229 1,627 

AxitecAXIpremium 250 Watt All Black 
Mono Solar Panel 

250 260 1,627 

Canadian Solar 250W Black Frame Poly 
Solar Panel 

250 232 1,609 

Eoplly 250 Watt Mono Solar Panel 250 257 1,634 

ET AC Module, 250W Poly Solar Panel, 
238W AC Microinverter | ZEP and Non-

ZEP 

250 456 1,627 

ET Solar 250 Watt Black Poly Solar Panel 250 257 1,627 

ET Solar 250 Watt Poly Black Solar Panel 250 223 1,627 

Hanwha Solar 250 Watt Poly Solar Panel 250 238 1,663 

Hyundai 250 Watt Mono Solar Panel 250 306 1,617 

Isofoton 250 Watt Mono Black Solar Panel 250 294 1,657 

Mage Solar Powertec Plus AC Module, 250 
Watt Poly Solar Panel 

250 469 1,637 

Mage Solar Powertec Plus PL US, 250 Watt 
Poly Solar Panel 

250 276 1,637 

Mage Solar Powertec Plus PL, 250 Watt Poly 
Solar Panel 

250 264 1,637 

Mage Solar Powertec Plus, 250 Watt Mono 
Solar Panel 

250 290 1,631 

Phono Solar 250 Watt Poly Solar Panel 250 232 1,627 

Phono Solar AC Module, 250W Poly Solar 
Panel, Enphase M215 Microinverter 

250 410 1,627 

ReneSola 250 Watt Poly Solar Panel 250 223 1,627 

Renogy 250 Watt Mono Black Frame Solar 
Panel 

250 238 1,635 

Renogy 250 Watt Poly Solar Panel 250 202 1,635 

Sharp Solar 250 Watt Poly Solar Panel 250 287 1,630 

Sharp Solar 250W Poly Solar Panel ND-
250QCS 

250 284 1,630 

SolarWorld 250 Watt Black Mono Solar 
Panel v2.5 Frame 

250 330 - 

SolarWorld 250 Watt Mono Solar Panel v2.0 
Black Frame 

250 349 - 

SunEdison 250 Watt Black Mono Solar 
Panel 

250 264 1,641 

Suniva MVX 250 Watt Poly Solar Panel 250 260 1,627 

Suniva OPT 250Watt Mono Solar Panel 250 281 1,623 
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SuntechWd 250 Watt Black Mono Solar 
Panel 

250 254 - 

Trina Solar PA05.08 250 Watt Poly Solar 
Panel 

250 260 1,637 

Trina Solar PA05/PC05 250 Watt Poly Solar 
Panel 

250 214 1,637 

Yingli YGE 250W Series Poly Solar Panel 250 259 1,634 

Canadian Solar 255W Black Frame Mono 
Solar Panel 

255 271 1,700 

LG Electronics 255 Watt Mono Black 
Frame Solar Panel, MC4 

255 262 1,640 

ReneSola 255 Watt Poly Solar Panel 255 231 1,627 

SolarWorld 255W Mono Solar Panel v2.0 
Frame 

255 321 - 

Suniva MVX 255 Watt Poly Solar Panel 255 268 1,627 

Suniva OPT 255 Watt Mono Solar Panel 255 287 1,623 

SuntechWd 255 Watt Black Mono Solar 
Panel 

255 259 - 

AxitecAXIpremium 260 Watt All Black 
Mono Solar Panel 

260 273 1,627 

Phono Solar 260 Watt Black Mono Solar 
Panel 

260 270 1,627 

SunEdison 260 Watt Mono Solar Panel 260 316 1,641 

Suniva OPT 260 Watt Mono Solar Panel 260 296 1,623 

SolarWorld 265 Watt Mono Solar Panel v2.5 
Black Frame 

265 324 - 

SolarWorld 265Watt Mono Solar Panel v2.5 
Frame 

265 308 - 

SunEdison 265 Watt Mono Solar Panel 265 311 1,641 

Suniva OPT 265 Watt Mono Solar Panel 265 301 1,622 

SolarWorld 270 Watt Mono Solar Panel v2.5 
Frame 

270 314 - 

Suniva OPT 270 Watt Mono Solar Panel 270 314 1,622 

ET Solar 280 Watt Poly Solar Panel 280 257 1,940 

LG Electronics 280 Watt Mono Solar Panel 280 339 1,640 

Renogy 280 Watt Poly Solar Panel 280 270 1,935 

Zebra Energy 280 Watt Poly Solar Panel 280 222 1,937 

ET Solar 285 Watt Poly Solar Panel 285 268 1,940 

Canadian Solar 290 Watt Poly Solar Panel 290 241 1,919 

ET Solar 290Watt Poly Solar Panel 290 277 1,940 

SuntechVd 290 Watt Poly Solar Panel USA 290 259 - 

SuntechVd 295 Watt Poly Solar Panel USA 295 263 - 

SuntechVe 290 Watt Poly Solar Panel USA 290 259 - 

Trina Solar TSM-290PA14 290 Watt Solar 
Panel 

290 269 1,637 
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ET Solar 295 Watt Black Frame Poly Solar 
Panel 

295 274 1,940 

ReneSola 295 Watt Poly Solar Panel 295 263 1,940 

SuntechVe 295 Watt Poly Solar Panel USA 295 263 - 

AxitecAXIpower 300 Watt Poly Solar Panel 300 275 1,627 

ET Solar 300 Watt Black Frame Poly Solar 
Panel 

300 301 1,940 

ReneSola 300 Watt Poly Solar Panel 300 271 1,940 

Renogy 300 Watt Poly Solar Panel 300 221 1,940 

Sonali Solar 300 Watt Poly Solar Panel 300 279 1,917 

Suniva OPT 300 Watt Mono Solar Panel 300 330 1,936 

SuntechVe 300 Watt Poly Solar Panel USA 300 268 - 

ReneSola 305 Watt Poly Solar Panel 305 280 1,940 

Suniva OPT 305 Watt Mono Solar Panel 305 343 1,936 

Suniva OPT 310 Watt Mono Solar Panel 310 368 1,936 

Suniva OPT 315 Watt Mono Solar Panel 315 382 1,936 

 

 

Application 2. Costs, power and efficiencies for PV panels from http://www.solarsystems-usa.net/solarpanels/. 

Panel Power, 
W 

Price, $ Efficiency(mod
ule) 

Area, 
m2 

Canadian Solar CS6P-245P, 245 Watt Black Solar Panel 245 256 15,23 1,6104 

Canadian Solar CS6P-250P, 250 Watt Black Solar Panel 250 263 15,54 1,6104 

Canadian Solar CS6P-255M Mono, 255 Watt Black Solar Panel 255 297 15,85 1,6104 

Canadian Solar CS6P-245P, 245 Watt Solar Panel 245 210 15,23 1,6104 

Conergy CGY-51115, PH 250 Watt Solar Panel, Pallet of 25 250 212,48 15,2 1,6421 

Conergy CGY-51116, PH 255 Watt Solar Panel, Pallet of 25 255 219,28 15,5 1,6421 

Conergy CGY-51125, PH 250 Watt Black Solar Panel Pallet of 25 250 215 15,2 1,6421 

ET Solar ET-P672275, 275 Watt Solar Panel 275 330 14,17 1,9406 

ET Solar ET-P672285, 285 Watt Solar Panel 285 280 14,69 1,9406 

ET Solar ET-P672290, 290 Watt Solar Panel 290 280 14,95 1,9406 

JA Solar JAP6 60-255/3BB, 255 Watt Solar Panel, Pallet of 26 255 201,461
5 

14,37 1,6352 

JA Solar JAP6 72/295/3BB, 295 Watt Solar Panel, Pallet of 23, 295 227,173

9 
15,22 1,9384 

LG Solar MonoXNeoN LG285N1C-G3, 285 Watt Black Solar Panel, 
Pallet of 27 

285 370,370
4 

17,1 1,6400 

LG Solar MonoXNeoN LG290N1C, 290 Watt Black Solar Panel 290 398 17,7 1,6400 

LG Solar MonoXNeoN LG295N1C, 295 Watt Black Solar Panel 295 442 18 1,6400 

LG Solar LG255S1C, 255 Watt Mono Solar Panel 255 280 15,8 1,6091 

Lightway LW240(29) 240 Watt Solar Panel 240 204 14,69 1,6335 

Phono Solar DIAMOND PS250P-20U, 250 Watt Solar Panel 250 220 15,37 1,6269 
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Phono Solar PS260M-20/U, 260 Watt Mono Black Solar Panel 260 281 15,98 1,6269 

REC 245PE 245 Watt Solar Panel 245 249 14,8 1,6502 

REC 250PE, 250 Watt Black Solar Panel 250 280 15,1 1,6502 

REC 250PE, 250 Watt Solar Panel 250 245 15,1 1,6502 

ReneSola JC230M-24/Bb, 230W Solar Panel, Pallet of 20, $0.72/Watt 230 165,6 13,52 1,6370 

ReneSola JC250M-24/Bb, 250W Poly Solar Panel, Pallet of 25 250 206,24 15,4 1,6272 

ReneSola JC255M-24/Bb, 255W Poly Solar Panel, Pallet of 25 255 216,72 15,7 1,6272 

ReneSola JC260S-24/Bb, 260W Squared Mono Black BoW Solar Panel, 
Pallet of 25 

260 233,72 16,6 1,6296 

ReneSola JC265S-24/Bb, 265W Squared Mono Black BoW Solar Panel, 
Pallet of 25 

265 242,44 16,6 1,6296 

Sharp ND-240QCJ, 240 Watt Solar Panel 240 252 14,7 1,6296 

Sharp ND-250QCS, 250 Watt Solar Panel 250 279 15,3 1,6296 

SolarWorld SW 255 Mono, 255 Watt Solar Panel 255 256 15,21 1,6766 

SolarWorld SW 250 Mono, 250 Watt Black Solar Panel, BoB 250 291 14,6 1,6766 

SolarWorld SW 260 Mono Black, 260 Watt Solar Panel 260 300 13,12 1,6766 

SolarWorld SW 260 Mono, 260 Watt Solar Panel 260 320 15,51 1,6766 

SolarWorld SW 265 Mono, 265 Watt Solar Panel 265 286 15,81 1,6766 

SolarWorld SW 270 Mono, 270 Watt Solar Panel 270 311 16,1 1,6766 

Suniva MVX 250-60-5-701, 250 Watt Solar Panel 250 240 15,2 1,6232 

Suniva MVX 255-60-5-701, 255 Watt Black Solar Panel 255 285 15,5 1,6232 

Suniva OPT250-60-4-100, 250 Watt Mono Solar Panel 250 300 16 1,6232 

Suniva OPT250-60-4-1B0, 250 Watt Black Mono Solar Panel 250 340 16 1,6232 

Suniva OPT255-60-4-100, 255 Watt Mono Solar Panel 255 256 16 1,6232 

Trina Solar TSM-240PA05, 240 Watt Solar Panel 240 250 14,7 1,6366 

Trina Solar TSM-255PA05A, 255 Watt Solar Panel 255 312 15,6 1,6366 

Trina Solar TSM-260PA05A, Watt Solar Panel 260 317 15,9 1,6366 

Trina Solar TSM-295 PA14, 295 Watt Solar Panel, Pallet of 20 295 336,25 15,2 1,9399 

Yingli Solar YL250P-29b, 250 Watt Solar Panel 250 262 15,3 1,6336 

 

 

 


